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© Glycosyl-Phosphatidylinositol-Specific Phospholipase D. 



(sy The present invention relates to the protein glycosyl phosphatidylinositol-specificphospholipase D (GPI-PLD) 
in a substantially pure form, an polynucleotide coding for GPI-PLD, vectors containing the isolated poly- 
nucleotide coding for GPI-PLD, and cells transformed by a vector containing the polynucleotide coding for GPI- 
PLD. Also described is a method for producing a protein which can be secreted from a eukaryotic cell 
comprising co-transfecting a eukaryotic cell with a gene encoding a glycosyl phosphatidylinositol-anchored 
protein with glycosyl phospatidylinositol-specific phospholipase D. 
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The present invention lies in the fields of protein, recombinant DNA and genetic engineering. 
Recent studies have revealed that a growing number of cell surface proteins are attached to the 
membrane by covalent linkage to a glycosylphosphatidylinositol (GPI) anchor. The physiological role played 
by this new class of membrane anchor is unknown, but one possibilily is thai it facilitates the release of 

5 molecules by specific phospholipases in vivo. 

Several mammalian phospholipase activities which seem to be capable of removing the GPI anchors 
from proteins have been reported. These were originally attributed to the action of a phosphatidylinositol 
(Pl)-specific phospholipase C since enzymes of this specificity are widely distributed in mammalian tissues. 
However, the physiological significance of such a process remained in question because almost all of the 

10 mammalian Pl-specific phospholipase C's are believed to be intracellular in location whereas the GPI- 
anchored proteins are found on the cell surface. Subsequently, it was shown that inhibition of placental Pl- 
specific phospholipase C activity does not affect GPI-anchor degrading activity, indicating that other 
enzymes are responsible for the release of GPI-anchored proteins. It was therefore suggested, that this 
activity was due to a novel phospholipase D with specificity for the GPI-anchor. Recently, several groups 

15 have reported the presence of high levels of a GPI-specific phospholipase D (GPI-PLD) in mammalian 
plasma and serum [Low, M. G., and Prasad, A. R. S. (1988) Proc. Natl. Acad. Sci. USA, 85, 980-984; Davitz, 
M. A., Hereld, D., Shak, S., Krakow, J., Englund, P. L., and Nussenzweig, V. (1987) Science, 238, 81-84; 
Cardoso de Almeida, M. L., Turner, M. J., Stambuk, B. B. and Schenkman, S. (1988) Biochem. Biophys. 
Res. Commun., 150, 476-482)]. Because of its extracellular location and specificity for GPI, this enzyme 

20 may be responsible for releasing GPI-anchored proteins from cell surfaces in vivo. 

The present invention relates to the protein glycosyl phosphatidylinositol-specificphospholipase D (GPI- 
PLD) or biologically active fragments thereof substantially free from other proteins, polynucleotides encod- 
ing GPI-PLD or biologically active fragments thereof, vectors containing a polynucleotide encoding GPI-PLD „ 
or a biologically active fragment thereof, and cells transformed by such a vector. 

25 In another embodiment, the present invention also relates to mutations of GPI-PLD or of biologically 

active fragments thereof which substantially retain the biological activity of natural GPI-PLD. polynucleotides 
coding for these mutants, vectors containing these polynucleotides, and cells transformed by such a vector. 

The present invention also relates to a process for producing GPI-PLD, a biologically active fragment 
thereof or a mutant of GPI-PLD or a fragment thereof, comprising culturing a host containing a recombinant 

30 vector which codes for such a GPI-PLD active compound under appropriate conditions of growth so that 
said compound is expressed and isolating said compound. 

Another embodiment of the present invention is a method for producing a secretable protein from a 
eukaryotic cell comprising co-transfecting a eukaryotic cell with a gene encoding a glycosyl 
phosphatidylinositol-anchored protein with glycosyl phosphatidylinositol-specific phospholipase D. 

35 Additionally, the present invention relates to a process for cleaving proteins which are anchored to a cell 

by means of a glycosyl phosphatidyl inositol anchor comprising administering to the cell culture in which 
the cell is growing glycosyl phosphatidylinositol-specific phospholipase D in combination with a suitable 
detergent. 

Finally, the present invention relates to antibodies specific to GPI-PLD substantially free from other 
40 proteins. 

Brief Description of the Drawings 

Fig. 1. A Model of a GPI anchor structure. The COOH-terminal amino acid of the protein is linked to 
45 an ethanolamine residue which in turn is linked via a phosphodiester bond to a complex 

glycan moiety. The site of GPI-PLD hydrolysis is marked. 

Fig. 2. SDS-PAGE of Samples Purified from Hydroxyapatite and Zn-chelate Matrix Chromatog- 
raphies. Samples (1-3 ug) were run on 10% polyacrylamide gels under reducing conditions 
and were visualized by Coomassie Blue staining. Protein standards (prestained) were from 
so Bethesda Research Labs. Lane 1: hydroxyapatite flow-through pool (-3 ug); lane 2: Zn- 

chelate pool 1 (-1 ug); lane 3: Zn-chelate pool 2 (-3 ug). 

Fig. 3. SDS-PAGE of Samples Purified by the Immunoaffinity Chromatography Procedure. Samples 
were run on 8.5% acrylamide gels under reducing conditions and were visualized by 
Coomassie Blue staining. Lane 1: immunoaffinity-eluate, -10 ug; late 2: lectin Sepharose- 
55 eluate, -5.0 ug; lane 3: Mono Q-FPLC pool -2.5 ug. 

Fig. 4. Restriction Map and sequencing strategy of the spliced inserts from Clones pBJ1549 and 
PBJ1644. The bovine liver GPI-PLD cDNA inserts from the two lambda gt1 1 clones were 
subcloned into pGEM4Z (Promega Biotec, Madison, Wl) and both strands sequenced using 
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Sequenase enzyme (U.S. Biochemical Corp., Cleveland, OH). Arrows with closed and open 
circles represent sequences determined from SP6/T7 promoter primers of smaller subclones 
and sequences determined from synthetic oligonucleotide primers, respectively. The posi- 
tions of the translation start and slop codons are marked. Clones pBJ1549 and pBJ1644 
extended from nucleotides 1-1577 and 1438-2578, respectively. A, Accl; b, BamHI; H, Hindlll; 
K, Kpnl; N, Ncol; P.Pstl; S, Sacl; V, Pvull. 

DNA sequence and deduced amino acid sequence of bovine liver GPI-PLD. The arrow marks 
the N-terminus of the mature protein. Regions showing sequence similarity to metal ion 
binding domains of integrin a subunits are underlined. 

Western Blot Analysis of Transfected COS Cell Media and Lysates. The complete 2.6 kb 
cloned cDNA was ligated into the Hindlll/Smal site of pBCl2B1 and the recombinant plasmid, 
pBJ1682, introduced into COS-7 cells utilizing standard DEAE-dextran mediated methods. 
COS cells were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% 
fetal calf serum for the first 24 hours then switched to serum-free DMEM containing 1% 
Nutridoma (Boehringer Mannheim, Indianapolis, IN) to rid of endogenous PLD. Media was 
collected 48 hours after switching to serum-free media, centrifuged to pellet any suspended 
cells and concentrated 15-fold using Centricon 10 (Amicon, Danvers, MA). Cell lysates were 
prepared at a concentration of 5 x 10 7 cell-equivalents per ml in 0.5% Nonidet P-40 in PBS 
containing aprotinin (30 ug/ml), leupeptin (10 ug/ml), pepstatin (10 ug/ml), and phenylmethyl 
sulfonyl flouride (1 mM). Lysates were centrifuged at 13,000 g for 20 min at 4°C and the 
supernatant collected. After gel electrophoresis and blotting to nitrocellulose, proteins were 
detected using a pool of five monoclonal antibodies (1 ug/ml each) against bovine serum 
GPt-PLD and alkalinephosphatase conjugated goat anti-mouse IgG (Jackson Immuno-Re- 
search, West Grove, PA). Lane 1, lysate of mock-transfected cells; Lane 2, medium from 
mock-transfected cells; Lane 3, equal amounts of lysate from pBJ1682-transfected cells and 
medium from mock-transfected cells; Lane 4, equal amounts of medium from pBJ1682- 
transfected cells and lysate from mock-transfected cells; Lane 5, 50 ng of purified serum 
GPI-PLD; Lane 6,200 ng of purified serum GPI-PLD mixed with mock-transfected cell 
medium. 

Demonstration of GPI-PLD Activity in Transfected COS Cells by Hydrolysis of 3 H-labelled 
VSG. Mock-transfected or pBJ1682-transfected COS cells were switched to serum-free 
media 24 hours after transfection as described for Fig. 6. (A) Time dependence of 
phospholipase activity. At various time points after switching to serum-free medium, aliquots 
(10 ul each) were withdrawn from the medium and assayed for phospholipase activity. One 
unit of activity was defined as the amount of enzyme hydrolyzing 1% of the [ 3 H]myri state- 
labelled VSG per min. A A indicates the activity in DNA-transfected cells; o o indicates 

the activity in mock-transfected cells. (B) Comparison of phospholipase activity in the 
medium and cell lysate. After cells were grown in serum-free medium for 44 hours, 10 ul of 
medium was withdrawn and assayed for phospholipase activity. Cells lysates were prepared 
as described in Fig. 6 and assayed at the same time. 

Product Analysis of Hydrolyzed VSG by Thin-layer Chromatography. Samples (50 ul) of 
pBJ1682- and mock-transfected COS cell media and GPI-PLD purified from serum were 
incubated at 37° C for 30 min with 100 ul of VSG cocktail consisting of 40 uM Tris-maleate, 
pH 7.0, 0.2% NP-40, and 3 x 10 4 cpm 3 H-!abelled VSG. The reaction were terminated with 
the addition of 0.5 ml butanol and spiked with 25 ug each of dimyristoyl phosphatidic acid 
(DMPA) and dimyristoyl glycerol (DMG). After phase separation by centrifugation, 0.35 ml of 
the upper butanol phases were evaporated to dryness and the reaction products resuspen- 
ded in 20 ul of CHCI 3 :MeOH (1:1, v/v) and spotted onto a silica gel 60F254 plate (Merck), 
along with DMPA and DMG standards. The plate was run in a solvent system consisting of 
CHCl3:pyridtne:70% formic acid (50:30:7, v/v/v). After development for a distance of 10cm, 
the plate was air dried overnight and the standards visualized with iodine. Zones of 0.5 cm 
were scraped, eluted with 150 ul CHCr 3 :MeOH:butanol (1:1:1, v/v/v), and counted in a 
scintillation fluor. O- — O, mock-transfected cell media; □ — □ , pBJ 1 682-transfected cell 
media; — *, purified serum GPI-PLD. 

Nucleotide sequence and deduced amino acid sequence of the human liver glycosyl 
phosphatidylinositol specific-phospholipase D. 

The Alignment of amino acid sequence of the human and bovine liver GPI-PLD mature 
protein. 
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Fig 11. Nucleotide sequence and deduced amino acid sequence of the human pancreatic glycosyl 

phosphatidylinositol specific-phospholipase D. 
Fig. 12. SDS PAGE showing the expression of ELAM-1-GPi (Column A) and ELAM-1-2-GPI (Column 
B) with PLD and without PLD. 
5 Additionally, in the present application the following abbreviations are used: GPI, glycosyl- 

phosphatidylinositol; PLD, phospholipase D; PI, phosphatidylinositol; VSG, variant surface glycoprotein; 
CHAPS, (3-[(3-cholamidopropyl) dimethyl- ammonio] 1-propanesulfonate; PEG, polyethylene glycol; BSA, 
bovine serum albumin; EGTA, ethylenebis(oxyethylenenitrilo) tetraacetic acid; SDS, sodium dodecyl sulfate; 
PAGE, polyacrylamide gel electrophoresis; HP(or FP)LC, high performance (or fast protein) liquid 
w chromatography; PTH, , phenylthiohydantoin; ELISA, enzyme-linked immunosorbent assay; HRP, horse 
radish peroxidase. 

The teachings of all of the references cited herein are hereby incorporated by reference. 
Detailed Description of the Invention 

75 

The present invention relates to glycosyl phosphatidylinositol-specific phospholipase D (GPI-PLD) or 
biologically active fragments thereof substantially free from other proteins. This enzyme selectively 
hydrolyzes the inositol-phosphate linkage of glycosyl phosphatidylinositol (GPI)-anchored proteins, GPI 
lipids and related molecules. See Figure 1 . 

20 The DNA sequence and deduced amino acid sequence of bovine liver GPI-PLD is shown in Figure 5; 

the DNA sequence and deduced amino acid sequence of human liver GPI-PLD is shown in Figure 9; and 
Figure 1 1 shows the DNA sequence and the deduced amino acid sequence of human pancreatic GPI-PLD. 
Using conventional methods of recombinant DNA technology, (see for example Maniatis et aL, "Molecular 
Cloning - A Laboratory Manual". Cold Spring Harbor Laboratory. 1989) expression vectors encoding for 

25 recombinant GPI-PLD can be constructed. Upon introduction of these expression vectors into a prokaryotic 
and eukaryotic host, recombinant GPI-PLD is synthesized. 

The invention also relates to a polynucleotide, either double or single stranded, coding for a GPI-PLD 
protein or a biologically active fragment thereof. The nucleotide sequences which are coding for bovine liver 
GPI-PLD, human liver GPI-PLD and human pancreatic GPI-PLD are shown in Figures 5, 9 and 11, 

30 respectively. 

The invention therefore relates to these nucleotide sequences or to homologous or degenerate 
sequences thereof, that means to nucleotide sequences having the same function, but originating from a 
different species (e.g. from human) or to nucleotide sequences being degenerate in the genetic code. The 
polynucleotide can be obtained from natural sources or be prepared synthetically by methods known to the 
35 person skilled in the art. 

Moreover, the invention relates to replicable microbial vectors containing a polynucleotide with a 
sequence which codes for a polypeptide having GPI-PLD activity, to host organisms transformed with such 
a replicable microbial vector, which host is capable of expressing the amino acid sequence encoded by 
said polynucleotide. 

40 A wide variety of host/cloning vehicle combinations may be employed in cloning the double-stranded 
DNA. For example, useful cloning vehicles may consist of segments of chromosomal, nonchromosomal or 
synthetic DNA sequences, such as various known bacterial plasmids, e.g. plasmids from E. coli such as 
pBR322, phage DNA, and vectors derived from combinations of plasmids and phage DNAs such as 
plasmids which have been modified to employ phage DNA or other expression control sequences or yeast 

45 plasmids. Useful hosts include microorganisms, mammalian cells, plant cells and the like. Among them 
microorganisms and mammalian cells are preferably employed. As preferable microorganisms, there may 
be mentioned yeast and bacteria such as Escherichia coli or Actinomyces. Among mammalian hosts CHO 
cells are preferred. 

A cloning vehicle or vector containing the foreign polynucleotide is employed to transform a host so as 
so to permit that host to express the protein or portion thereof for which the polynucleotide codes. The 
selection of an appropriate host is also controlled by a number of factors recognized inthe art. These 
include, for example, compatibility with the chosen vector, toxicity of proteins encoded by the hybrid 
plasmid, ease of recovery of the desired protein, expression characteristics, biosafety and costs. A suitable 
expression vector for use in the present invention is the eukaryotic expression plasmid pBCl2BI (Cullen- 
55 (1987), Methods in Enzymology 152, 684-704). Other suitable cloning or expression vectors are disclosed in 
the examples or are known in the art. 

The invention also relates to mutations of GPI-PLD or biologically active fragments thereof which 
substantially retain the biological activity of natural GPI-PLD. The invention also relates to a polynucleotide 

4 
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coding for the mutant GPI-PLD or a biologically active fragment thereof. Furthermore, the invention relates 
to vectors containing the isolated polynucleotide coding for the mutant GPI-PLD or biologically active 
fragments thereof. These mutants can be produced by known methods such as site-specific mutagenesis of 
the DNA sequence and the mutant DNA construct inserted into an expression vector and the expression 

5 vector introduced into a suitable prokaryotic or eukaryotic host to produce a mutated form of GPI-PLD. A 
mutated form of GPI-PLD can also be produced by means of enzymatic cleavage of the GPI-PLD protein 
and solid phase synthesis. The mutated form of the protein can then be assayed for its ability to exhibit 
PLD activity by assays herein described. 

According to the present invention, GPI-PLD is purified and characterized by the method described in 

10 Example 1. The procedure, which was developed and can be used for the purification of GPI-PLD, is 
discussed below and describes the identification of the active enzyme compounds obtained during the 
individual purification steps. 

In this procedure, the bulk of serum albumin and some other contaminating proteins were removed by 
PEG precipitation. The supernatant was then chromatographed on G Sepharose (anion exchange) followed 

75 by S-300 gel filtration chromatography. GPI-PLD activity eluted in the broad second protein peak with a 
molecular weight of ^250 kDa. This broad elution of activity suggests that GPI-PLD in serum may form a 
complex with other serum proteins. 

GPI-PLD was further purified by wheat germ lectin-Sepharose and hydroxyapatite chromatography. At 
this stage, GPI-PLD was about 10% pure as judged by SDS-PAGE using procedures described by Lemmli, 

20 U.K. (1970), Nature, 227, 680-685. The final stages of purification consisted of Zn -chelate chromatography, 
Mono Q-HPLC and Superose 12-HPLC. When hydroxyapatite-purified material was chromatographed on 
Zn-chelate, two GPI-PLD activity peaks were observed. The first activity peak (pool 1) eluted in the wash 
fractions, separated from the majority of contaminating proteins and had the higher specific activity. This 
pool contained a major protein band on SDS-PAGE with an apparent molecular weight of -100 kDa in 

25 addition to other minor protein bands. The second activity peak (pool 2) eluted with 10 mM histidine and 
contained two major protein bands with molecular weights of -100 and -180 kDa and several minor 
components on SDS-PAGE. 

The two pools of activity from Zn-chelate chromatography were separately further purified by Mono Q- 
HPLC. Zn-chelate pool 1 eluted as a single activity peak at 0.2 M NaCI on Mono Q-HPLC, corresponding to 

30 a single band of molecular weight -100 kDa on SDS-PAGE as shown in Fig. 2. lane 2. In contrast, Zn- 
chelate pool 2 resolved into two peaks of activity at 0.2 M and 0.3 M NaCI on Mono Q-HPLC. Both peaks 
contained a major protein band of -100 kDa and another band corresponding to -180 kDa on SDS-PAGE 
as shown in Fig. 2 lane 3. 

When material eluted in Zn-chelate pool 1 was analyzed by Superose 12-HPLC, the elution profile 
35 showed that the GPI-PLD eluted as a single peak with an apparent molecular weight of about 200 kDa as 
determined by molecular weight markers (Bio-Rad's Gel Filtration Standards), indicating that the enzyme 
exists as a dimer. However, when material in peak 2 of Zn-chelate pool 2 was analyzed by Superose 12- 
HPLC, three activity peaks were observed. Actual fractions were analyzed by SDS-PAGE and the results 
showed that the majority of GPI-PLD eluted in fractions corresponding to the region with molecular weights 
40 higher than 200 kDa suggesting that GPI-PLD eluted as higher molecular weight aggregates. The higher 
molecular weight aggregates (peak 1) exhibited higher specific activity toward VSG (- 2.3 x 10 4 U/mg) than 
alkaline phosphatase (1.0 x 10 3 U/mg) as substrate. 

Example 1 summarizes the purification of GPI-PLD from 2.5 liters of bovine serum utilizing the protocol 
described above, excluding the Superose 12-HPLC step. Dimer GPI-PLD purified from Zn-chelate, pool 1, 
45 showed the highest specific activity(6.3 x 10 5 and 4.5 x 10 s U/mg against alkaline phosphatase and VSG, 
respectively). This represents a -2,250 fold purification and an overall recovery of about 0.5% (Table 1). 

The invention also relates to antibodies specific to GPI-PLD, fragments thereof or mutants thereof or 
mutants of GPI-PLD or fragments thereof substantially free from other proteins. These antibodies are 
suitable, e.g. for use in the purification of GPI-PLD active compounds as outlined below and in Example 1. 

50 

Production of Monoclonal Antibodies against GPI-PLD 

Using a mixture of dimeric and aggregated GPI-PLD as immunogen, polyclonal antisera in mice against 
GPI-PLD were produced. All three immunized mice produced antibodies against the immunogen as 
55 determined by ELISA analysis. GPI-PLD activities were completely inactivated by antisera when purified or 
partially purified protein was used. When partially purified material was analyzed by immunoblotting, the 
100-kDa protein was reactive with the antisera (data not shown). 

To further confirm that the 100-kDa protein is GPI-PLD, monoclonal antibodies against the enzyme were 

r 5 
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produced. Since serum contains GPI-PLD, hybridomas were grown in serum-free medium after fusion. We 
attempted to screen hybridomas by neutralization of GPI-PLD activity. Hybridoma supernatants were 
analyzed by ELISA. Clones secreting high levels of IgG antibodies were further screened in an im- 
munodepletion assay against GPI-PLD activity. Twenty-four clones were obtained after subcloning. To 

5 further analyze the immunoprecipitated product, 12S l-labelled immunogen was used in an immunodeplefion 
assay and the products analyzed by SDS-PAGE. The results show that the antibodies in the hybridoma 
supernatants selectively precipitated the GPI-PLD activity and the 100-kDa protein(data not shown). 

The cells from ELISA-positive and immunodepletion-positive wells were subcloned. Twenty four clones 
were isolated and expanded as ascites tumors in BALB/cByJ mice. The monoclonal antibodies were purified 

w and screened for their reactivity with the 100-kDa protein by immunoblotting analysis. Among them, 
nineteen showed strong reactivity. The immunoreactivity of the 100-kDa protein was dependent on antibody 
concentration and was saturated by excess antibody. Preabsorption of antibody with excess purified GPI- 
PLD diminished immunoreactivity. The purified antibodies were also screened for direct inhibition of GPI- 
PLD activity in solution. None of them inhibited GPI-PLD. 

75 

Purification of GPI-PLD by Immunoaffinity Chromatography 

An experiment was carried out to determine which of the monoclonal antibodies would be most suitable 
for immunoaffinity chromatography. Antibodies with different affinities to GPI-PLD on ELISAs were sepa- 

20 rately coupled to CNBr-activated Sepharose. Crude bovine serum was loaded onto immunoaffinity columns 
and GPI-PLD activity was eluted by different reagents. The results showed that when weak affinity 
antibodies were used, bound GPI-PLD could be eluted with 3M MgCI 2 with about 60% recovery of activity. 
However, when high affinity antibodies were used, only a very small amount of GPI-PLD could be eluted 
with 3M MgCb. Although SDS-PAGE analysis indicated that most of the remaining bound protein could be 

25 eluted with 0.1 M glycine-HCI buffer (pH 2.8), enzymatic activity was lost. A weak affinity antibody was 
therefore chosen for immunoaffinity purification. The eluate from immunoaffinity chromatography gave a 
specific activity of about 9.75 x 10 3 U/mg, representing a 123 fold purification (see Table 2). Based upon 
this specific activity (assuming that the purified enzyme has a specific activity of 4.5 x 10 5 U/mg) and SDS- 
PAGE analysis a GPI-PLD purity of about 2% was calculated. See Fig. 3 lane 1. 

30 Since the immunoaffinity-purified GPI-PLD could not be stably stored in 3 M MgCk, it was immediately 

diluted 6 fold with Buffer C (see Example 1) supplemented .with 2.5 mM each CaCb and zinc acetate. 
Calcium and zinc ions in the dilution buffer seemed to stabilize the enzyme activity, consistent with previous 
observations that the enzyme activity is dependent on calcium and zinc ions, but not Mg 2+ . GPI-PLD in the 
diluted sample was then further purified on wheat germ lectin Sepharose. As shown in Table 2, a 10 fold 

35 purification was achieved with lectin Sepharose chromatography. On SDS-PAGE (Fig. 3, lane 2), the lectin 
Sepharose-eluate showed that although the major contaminating proteins were still in the sample, there was 
an enrichment of the 100-kDa GPI-PLD. GPI-PLD was further purified by Mono Q-FPLC. The elution profile 
showed that most of the activity eluted in a peak at . 0.2 M NaCl, although a very small amount of activity 
also eluted at 0.3 M NaCl. When the samples were analyzed by SDS-PAGE, the major activity peak showed 

40 a single band with a molecular weight of 100 kDa. See Fig. 3 line 3. Samples in the minor activity peak also 
showed a very small amount (less than 10% of the total GPI-PLD recovered from the column) of 100-kDa 
protein together with other contaminating proteins. When the purified GPI-PLD was analyzed by Superose 
12-HPLC, it eluted as a single peak with an apparent molecular weight of 200 kDa. 

Table 2 in Example 1 summarizes the purification of GPI-PLD from 200 ml of bovine serum by the 

45 immunoaffinity chromatography protocol as described above. The specific activity of purified GPI-PLD from 
the immunoaffinity procedure was about the same as that obtained by the eight-step procedure. However, 
the overall recovery (26%) was much higher. 

Characterization of GPI-PLD 

50 

The products of [ 3 H]myristate labelled VSG hydrolysis by the purified GPI-PLD were analyzed by thin 
layer chromatography on silica gel using two different solvent systems (chloroform:pyridine:70% formic 
acid, 50:30:7 or chloroform:methanol:glacial acetic acid:H2 0, 50:30:8:4). The 3 H-labelled product co- 
migrated with a dimyristyl phosphatidic acid standard. Other potential phospholipase products such as 
55 myristic acid and 1 ,2-dimyristoyl glycerol were not detectable (i.e. less than 5 % of recovered radioactivity). 
This result was obtained with both the dimeric form and the higher molecular weight aggregates. 

The sensitivity of the enzyme activities to EGTA and 1 ,10-phenanthroline was studied. Table 3 shows 
that all enzyme activities are inhibited by EGTA and 1 ,10-phenanthroline, indicating that all forms of GPI- 

6 
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PLD share a metal ion requirement. To further study the physical properties of dimer and aggregates of 
GPI-PLD, purified GPI-PLD was labeled with 125 1 and the different forms of GPI-PLD were separated by 
Superose 12-HPLC. Each form of GPI-PLD was then rerun on Superose 12-HPLC. The results showed that 
the elutton positions of these forms remained unchanged, indicating that the forms are not in equilibrium 
5 with each other. 

The 100-kDa proteins in dimer and larger aggregated forms were isolated by preparative SDS-PAGE 
and subjected to amino-terminal sequence analyses. The results show that all forms of GPI-PLD share the 
same amino terminal sequence (H 2 N-X-G-I-S-T-(H)-I-E-I-G-X-(R)- A-L-E-F-L--). A search within the GenBank 
and NBRF data bases using the computer programs TFASTA and SEARCH showed no strong sequence 
10 homology to that of any other known protein. 

The primary structural relationships between these forms of GPI-PLD were also studied by comparing 
their tryptic peptide maps. Both samples were digested with trypsin, and cleavage products were separated 
by reverse phase HPLC on a Cs column. The tryptic peptide maps are almost identical, indicating that the 
two forms of GPI-PLD represent either the same protein or are structurally very similar. 
75 The tryptic peptides were further analyzed by protein microsequence analysis. Table 4 in Example 1 

summarizes sequences derived from nine peak fractions. 

The invention also relates to a method for producing a secretable protein from a eukaryotic cell said 
process comprises 

a) transforming a host cell with a recombinant vector which codes for a polypeptide having GPI-PLD 
20 activity and with a recombinant vector coding for a GPI-anchored protein 

b) culturing the transformed cell under appropriate conditions of growth so that both proteins are 
expressed and 

c) isolating the protein from the culture medium the GPI-anchor of which is cleaved off. 

Secretable proteins are produced by splicing the DNA sequence encoding the protein of interest 
25 together with a DNA sequence encoding for a peptide which signals the attachment of a glycosyl 
phosphatidylinositol-anchor (GPI-anchor) onto the protein. An example of such a C-terminal GPI signal 
peptide which signal for the attachment of a GPI-anchor onto a protein is a peptide with the C terminal 37 
amino acids of CD16, namely: 



30 



35 



55 



Ser Thr He Ser Ser Phe Ser Pro Pro Gly Tyr Gin Val Ser Phe Cys Leu Val Met Val 

21 37 
Leu Leu Phe Ala Val Asp Thr Gly Leu Tyr Phe Ser Val Lys Thr Asn lie. 



The DNA sequence encoding the C-terminal GPI signal peptide is spliced onto the DNA sequence 
encoding the functional domain of the proteins forming the protein-GPI-anchor construct. The protein-GPI- 

40 anchor hybrid construct is then cb-transfected into a eukaryotic cell such as a COS cell with a gene 
encoding a GPI-PLD such that both the protein-GPI anchor signal peptide hybrid construct and the GPI-PLD 
gene are expressed. A GPI anchor is attached to the Protein forming a GPI-anchor-protein; GPI-PLD 
enzymes cleave the anchor and the protein is secreted from the cell. Examples of proteins which could be 
produced and secreted in this way are CD4, ELAM-1, cytokine receptors such as p70 of the IL-2 receptor, 

45 members of the integrin and selectin families to name just a few. 

The invention also relates to a process for cleaving proteins which are anchored to a cell by means of a 
glycosyl phosphatidyltnositol anchor comprising administering to a cell culture in which the cell is growing 
GPi-PLD in combination with a suitable detergent such as CHAPS or NONIDET P40. To cleave off a GPI- 
PLD anchor, the proteins need not necessarily be anchord to a cell. 

so The present invention is further illustrated by the following examples. 

Example 1 



Purification and Characterization of PLD 

Materials — Bovine serum was from Pel-Freez Biologicals. PEG-5000 was from Polyscience Inc. 
Hydroxyapatite Ultrogel was from IBF Biotechnics. CNBr-activated Sepharose, Q Sepharose, wheat germ 
lectin-Sepharose and Sephacryl S-300 were from Pharmacia. IODO-BEADS, and immobilized (Fractogel 
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TSK HW-65F) iminodiacetic acid was from Pierce. CHAPS, (4-(2-hydroxyethyl)-1-piperazine ethanesulfonic 
acid (HEPES), phenyl methyl sulfonyl floride (PMSF), Triton X-114 and 100, Nonidet P40 and goat anti- 
mouse IgG agarose were from Sigma. HRP conjugated goat F(ab')2 anti-mouse IgG was from TAGO. 
Female Balb/c and Balb/cByJ mice were from Charles River Labs and Jackson Labs, respectively. 

5 These and other sources of reagents described in the specification are provided merely for convenience 

and are not meant to be limiting on the invention. 

Solutions Buffer A: 10 mM HEPES, pH 7.0, 0.15 M NaCI, 0.1 mM MgCI 2 and 0.01 mM zinc acetate; 
Buffer B: 50 mM Tris, pH 7.5, 0.1 M NaCI, 0.5 mM PMSF and 0.02% NaN 3 ; Buffer C: 50 mM Tris, pH 7.5, 
0.1 M NaCI, 0.6% CHAPS and 0.02% NaN 3 . 

70 GPI-PLD assays — For the eight-step purification of GPI-PLD, the enzyme activity was assayed as 

described in Low, M. G., and Prasad, A. R. S. (1988) Proc. Natl. Acad. Sci. USA, 85, 980-984 using GPI- 
anchored placental alkaline phosphatase as substrate. Typically, the alkaline phosphatase substrate (0.05 ml 
containing 1 vol of alkaline phosphatase, purified as described in Malik, A.-S. and Low, M. G. (1986) 
Biochem. J., 240, 519-527, 2 vol of 1% NP-40 and 2 vol of 0.2 M Tris-maleate, pH 7) was incubated with 

75 aliquots of samples in a total volume of 0.2 ml for 30 min at 37° C. The mixture was then diluted with 0.8 ml 
of ice-cold Buffer A. An aliquot (0.05 ml) was removed and mixed with 0.2 ml of Buffer A and 0.25 ml of 2% 
precondensed Triton X-114. After sampling a 0.1 ml aliquot for assay of total alkaline phosphatase activity, 
the mixture was incubated at 37" C for 10 min, centrifuged immediately at room temperature for 2 min and 
a 0.1 ml aliquot of the upper (aqueous) phase sampled. Alkaline phosphatase activity was determined. 

20 Anchor degradation was measured by comparing the activity in the upper phase (i.e., the degraded form) 
with that in the total mixture before phase separation. One unit is arbitrarily defined as the amount of 
enzyme hydrolyzing 1% of the alkaline phosphatase per min under the assay conditions described. 

For the purification of GPI-PLD by immunoaffinity chromatography VSG biosynthetically labelled with 
[ 3 H]myristate was used as substrate. This was prepared by a modified procedure of a method described in 

25 Hereld, D., Krakow, J.L., Bangs, J. D., Hart. G. W., and Englund, P. T. (1986) J. Biol. Chem., 261, 13813- 
13819. Typically, T. brucei (Mltat 117 or 118) were prepared from infected rats, labelled with -[ 3 H]myristic 
acid in vitro and the 3 H-labelled VSG was isolated. f 3 H]Myristate-labelled VSG (4,000-5,000 cpm, 2 ug) was 
mixed with 0.02 ml of 0.2 M Tris maleate, pH 7.0, 0.02 ml of 1% NP-40 and 0.06 ml of H 2 0. The substrate 
(0.1 ml) was then incubated with the GPI-PLD sample (0.1 ml) for 30 min at 37° C. The reaction was 

30 stopped by the addition of 0.5 ml of butanol that had been saturated with 1 M ammonium hydroxide. After 
vortexing, the phases were separated by centrifugation at 1,500 x g for 3 min. The upper(butanol) phase 
(0.35 ml) was withdrawn, mixed with 4 ml of scintillation fluid, and counted. One unit of GPI-PLD activity 
using VSG as a substrate is arbitrarily defined as the amount of enzyme hydrolyzing 1% of the [ 3 H]- 
myristate-labelled VSG per min. 

35 To determine the substrate specificity of GPI-PLD, the products of [ 3 H]myristate-labelled VSG hydroly- 
sis by purified GPI-PLD were analyzed by thin-layer chromatography as described by Low, M. G., and 
Prasad, A. R. S. (1988) Proc. Natl. Acad. Sci. USA, 85, 980-984. Hydrolysis of [ 3 H]choline-labelled 
phosphatidylcholine and [ 3 H]inositol-labelled PI was determined by substituting them for VSG in the 
incubation mixture described above. Water soluble radioactivity released from the phospholipids was 

40 determined as described by Low, M. G., Stiernberg J., Waneck, G. L., Flavell, R. A., and Kincade, P. W. 
(1988)J. Immunol. Methods, 113, 101-111. 

Purification of GPI-PLD by the Eight-step Procedure 



45 The purification steps are summarized in Table 1 . 



50 
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Table 1. Purification of GPI-PLD bv the Eight-step Procedure 



Step 


Protein 


PLD Activity* 3 ) 


Sp. Activity Purifi- 




( m g) 


(U) 


(11/ Anon} 


cstion 










Factor 


Bovine Serum 


146,855 


4.1 x 10 7 


2.8 x 10 2 


1 


PEG Sup. 


67,365 


3.1 x 10 7 


4.6 x 10 2 


1.6 


FastQ 


3,686 . 


7.5 x 10° 


2.0 x 10 3 


7.1 


S-300 


920 


OA X 1U° 


3.4 xlO 3 


12.1 


Wheat Germ Lectin 


106 


2.2 x 10 6 


2.1 x 10 4 


75 


Hydroxyapatite 


14 


1.6 x 106 


1.1 x 105 


392 


Zn-chelate, pool 1 


0.8 


4.1 x 105 


5.1 x 105 


1,821 


pool 2 


2.5 


3.0 xlO 5 


1.2 x 10 5 


(b) 


Mono Q (Zn-chelate Pool 1) 








peak 1 


0.1 


6.3 x 10 4 


6.3 xlO 5 


2,250 


Mono Q (Zn-chelate Pool 2) 








peak 1 


0.28 


4.0 x 10 4 


1.5 xlO 5 


(b) 


peak 2 


0.4 


1.5 xlO 4 


3.8 x 10 4 


(b) 



30 ( a ) GPI-PLD activity was determined using alkaline phosphatase as substrate. 

(b) Since portions of GPI-PLD in the sample were present as aggregates with 
low specific activities, the degree of purification could not be determined 
accurately. 

35 



Bovine serum (2.5 I) was thawed at 4'C in the presence of 0.5 mM PMSF and 0.02% NaN 3 . With 

40 stirring at 4 8 C, PEG-5000 was gradually added to a final concentration of 9%. The mixture was stirred for 
an additional hour and centrifuged at 10,000 x g for 25 min. The supernatant was collected and diluted with 
an equal volume of Buffer B. All subsequent purification steps were performed at 4'C except where noted. 

The diluted supernatant was loaded at a flow rate of 30 ml/min onto a Q Sepharose column (9 x 10 cm) 
equilibrated in Buffer B. After washing with the equilibration buffer, GPI-PLD activity was eluted with a linear 

45 gradient of 0.1-1.0 M NaCI in 4 I of 50 mM Tris, pH 7.5, 0.02% NaN 3 and 0.5 mM PMSF. Fractions 
containing activity were pooled and concentrated by YM-10 (Amicon) membrane filtration to approximately 
200 ml. The concentrate was loaded at a flow rate of 3.8 ml/min onto two (10 x 53 cm) S-300 columns in 
Buffer B, linked in tandem. The activity fractions were pooled, and NaCI and CHAPS were added to final 
concentrations of 0.2 M and 0.6%, respectively, to minimize protein aggregation. Half of the sample was 

so loaded (flow rate: 17 ml/hr) onto a 40 ml (2.5 cm diameter) wheat germ lectin column equilibrated in 50 mM 
Tris, pH 7.5, 0.2 M NaCI, 0.02% NaN 3 and 0.6% CHAPS. After washing, the GPI-PLD activity was eluted 
with equilibrium buffer containing 0.3 M N-acetylglucosamine. The eluates from two runs were combined 
and concentrated to 10 ml. Nine volumes of 5 mM NaPO^, pH 6.8, 0.4% CHAPS and 0.02% NaN 3 were 
added and the sample was loaded at room temperature (flow rate: 3 ml/min) onto a 4.2 x 22 cm column of 

55 hydroxyapatite Ultroge! in 5 mM NaPO*. pH 6.8, 0.6% CHAPS and 0.02% NaN 3 . GPI-PLD activity was 
collected in the wash fractions, and the contaminating proteins were eluted with 0.5 M NaPO*. pH 6.8, 0.6% 
CHAPS, and 0.02% NaN 3 . 

GPI-PLD active fractions from hydroxyapatite agarose chromatography were pooled, concentrated by 

9 
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YM-10 membrane filtration to 21 ml, and the pH adjusted with the addition of a 20-fold dilution of 1 M Tris 
HCI, pH 7.5. The sample was loaded onto a column (1.5 x 5.0 cm) of iminodiacetic acid on Fractogel TSK 
HW-65F chelated with zinc and equilibrated in Buffer C. The first peak of activity was collected in 10-15 bed 
volumes of wash with equilibration buffer and a sharper second peak of aclivity was eluted with 10 mM 

5 histidine in equilibration buffer. 

The two Zn-chelate pools of activity were concentrated individually by YM-10 membrane filtration. Each 
sample (5 ml) was injected onto a Mono Q (HR5/5, Pharmacia) column equilibrated in Buffer C (without 
NaN 3 ) at room temperature. GPI-PLD activities were eluted at a flow rate of 1 ml/min with a gradient of 0.1- 
0.19 M NaCI in 50 mM Tris, pH 7.5, and 0.6% CHAPS in 6 min, followed by isocratic elutton at 0.19 M NaCI 

10 for 5 min and a gradient of 0.19-0.4 M NaCI in 14 min. Under these conditions, the first Zn-chelate pool 
eluted as one activity peak at 0.2 M NaCI whereas the second Zn-chelate pool resolved into two peaks of 
activity at 0.2 M and 0.3 M NaCI. 

GPI-PLD active fractions from Mono Q-HPLC were pooled, concentrated, and each sample (0.4ml) 
injected onto a Superose 12-HPLC (HR 10/30, Pharmacia) column equilibrated in Buffer C. Proteins were 

15 eluted at a flow rate of 0.3 ml/min and 0.5 ml fractions were collected- 
Purification of GPI-PLD by Immunoaffinity Chromatography 

Monoclonal antibody PLD 216.1 was coupled to CNBr-activated Sepharose at a final concentration of 1 
20 mg/ml resin. Bovine serum (200 ml) was centrifuged at 16,000 x g for 20 min, and the supernatant diluted 
with 1.2 liters of Buffer B plus 0.5% NP-40. After filtering through a 0.22 urn membrane (Nalgene filter unit), 
the sample was loaded onto an immunoaffinity column (20 ml, 2.5 x 4 cm) at a flow rate of 30 ml/hr. The 
column was then washed with 400 ml of Buffer C and GPI-PLD eluted with 3M MgCI 2 in Buffer C. Active 
fractions were pooled (100 ml, 40 mg) and immediately diluted with 6 volumes of Buffer C plus 2.5 mM 
25 each CaCI 2 and zinc acetate. The sample was then loaded at a flow rate of 30 ml/hr onto a 20 ml (2.5 cm 
diameter) wheat germ lectin Sepharose column in 50 mM Tris, pH 7.5, 0.2 M NaCI, 0.6% CHAPS, 0.02% 
NaN 3 plus 2.5 mM each CaCI 2 and zinc acetate (equilibrium buffer). After the column was washed, the 
sample was eluted with 0.3 M N-acetylglucosamine in equilibrium buffer. 

The pool (60 ml, 2.5 mg) of wheat germ lectin Sepharose-eluate was concentrated by YM-10 membrane 
30 filtration to about 15 ml and diluted with an equal volume of 50 mM Tris, pH 7.5, and 0.6% CHAPS. The 
sample was then loaded onto Mono Q-FPLC equilibrated in Buffer C (without NaN 3 ) at room temperature. 
GPI-PLD was eluted at a flow rate of 1 ml/min with a gradient of NaCI as described above. 
The results of the single purification steps are summarized in Table 2. 

35 



40 



45 
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Table 2. Purification of GPI-PLD bv Immunoaffin itv Chromatography 



10 



Step 



Protein 
(mg) 



Bovine Serum 8,333 

Immunoaffinity 40 

Wheat Germ Lectin 2.5 

Mono Q-FPLC 0.4 



PLD Activity^ 
(U) 

6.6 x 105 
3.9 x 10 5 
2.4 x 10 5 

1.7 xlO 5 



Sp. Activity Purification 
(U/A28O) Factor 



7.9 x 10(b) 
9.8 x 10 3 
1.0 x 10 5 
4.3 x 10 5 



1 

123 

1,266 

5,443< c ) 



15 



(a) GPI-PLD activity was determined using [ 3 H]-VSG as a substrate. 

(b) The specific activity of GPI-PLD in bovine serum shown in this Table is 
somewhat lower than that in Table 1. due to the variability in the 
commercially available material. 

(c) The purification factor shown in this table is higher than that in Table 1 
due to the lower specific activity of the starting material. 



25 



From Table 2, it can be estimated that GPI-PLD exists in bovine serum at a concentration of 

30 approximately 7 ug per ml. 

Protein Determinations Protein concentration during purification was monitored by absorbance at 280 
nm. In addition, the protein concentration of purified preparations was determined by the method of 
Bradford, M. (1976) Anal. Biochem., 72, 248-254 using Bio-Rad's protein assay reagent. One mg/ml of 
purified GPI-PLD corresponded to one optical density unit at 280 nm. 

35 Tryptic Peptide Mapping The 100 kDa proteins in peaks 1 and 2 from Mono Q-HPLC were isolated 
by preparative SDS-PAGE. Proteins were recovered by electroelution in 67 mM N-ethylmorpholine acetate, 
pH 8.6, and 0.05% SDS as described in Hunkapillar, M. W., Lujan, E., Ostrader, F., and Hood, L. E. (1983) 
Methods Enzymol., 91, 227-236. After electroelution, proteins (100 ug) were reduced with 10 mM dithioth- 
reitol for 2 h at 37 °C and alkylated with 20 mM iodoacetic acid for 30 min at room temperature in the dark. 

40 Additional 10 mM dithiothreitol was added to the mixture to stop the reaction. Samples were iyophilized and 
proteins precipitated with acetone: acetic acid: triethylaminerwater (85:5:5:5, by vol.). The precipitated 
proteins were washed twice with ice-cold acetone, dried and resuspended in 0.3 ml 0.1 M NH4HCO3, pH 
8.0, and 0.5 mM CaCI 2 . Samples were digested for 16 hr at 37° C with TPCK-treated trypsin (Cooper 
Biomedical, 6 ug total). The trypsin was added in three equal aliquots: the first at time zero, the second 

45 after 4 h, and the third after a 12 h incubation. Samples were acidified with formic acid to 15% and 
subjected to reverse phase HPLC on a Cs column (Phase Separation Inc., 0.2 x 15 cm). Peptides were 
eluted (flow rate: 0.2 ml/min) with a gradient of acetonitrile (0-70%) in 0.1% trifluoroacetic acid. 

Protein Sequencing- Sequence analysis was performed using an Applied Biosystems (ABI, Foster City, 
CA) gas sequencer model 470A. PTH amino acids were identified "on line" with an ABI model 120A PTH 

50 analyzer using a, reverse-phase C-18 column (2.1 x 220mm, ABI). 

The sequences of the different tryptic peptides obtained this way are shown in Table 3. 



55 . 
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Table 3. Sequences of Trvptic Peptides generated from GPI-PLD 
Fragment (pmol) Sequence 

T56 ( ~50) SPFLVEQFQEYFLGGLEDMAFXSTNI 
T 50 (-15) SIXEMFIGSXQPLTHV 
T44 (-75) VYGYFPXI C(Q)S I F T 

(-20) MVADVNXH X(L)G P E 
T 38 ( -80) LGXAMTSADLNQDGYGDLVVGAP G(Y)X(H)P G 
T37 (-150) FGSAVAVLDFNVDGVPDLAVGAPSVG S(E)(K) 
T35 (-120) ALEFLHLQDGSINYK 

( -20) HQDAYQAGSVFPDSF 
T34 (-100) HQDAYQAGSVFPDSFYPSICER 

(-50) VSFLTMTLHQGGSTR 
T 2 0 (-325) AQYVLISPE AGSR 

(-205) F G S S V(I)T V R 
T 18 a(-110) SNVTS (CPEEK) 

iFWYLPl R 



Tryptic fragments of the SDS-PAGE-purified 100-kDa protein were 
subjected to amino-terminal microsequence analysis on a gas phase 
sequencer. "X" indicates positions in the sequence where PTH-amino acids 
were not identified. The numbers in parentheses indicate the estimated 
amount of peptide sequenced. The amino acids in parentheses indicate the 
most likely assignments; 

a The two peptides in this fraction exist in equimolar amounts and the first 
six residues in the assigned sequences may be exchanged with each other 
at the corresponding positions. 



Preparation of Monoclonal Antibodies against GPI-PLD - A female BALB/c mouse was immunized 
intraperitoneal^ with a mixture of two forms of mono Q-HPLC-purified GPI-PLD (60 ug protein) mixed 1:1 
with Freund's complete adjuvant. Four weeks later, the mouse was boosted intraperitoneal^ with the same 
amount of immunogen in Freund's incomplete adjuvant. A test bleed was taken a week later and antiserum 
was checked by ELISA and by direct assay for neutralization of GPI-PLD activities. 

Three days before fusion, the mouse was further boosted with 60 ug of immunogen by intravenous 
injection into the tail vein. Spleen cells from the mouse were fused with the myeloma cell line PAl-0 using 
procedures described by Thomas, P. E., Reik, L. M., Ryan, D. E., and Levin, W. (1984) J. Biol. Chem., 259, 
3890-3899. Ten days after fusion, the cells were weaned into serum-free media (HL-1, Ventrex Laboratories) 
and 40 h later, supernatants were analyzed by ELISA for IgG production against the immunogen. ELISA 
positive cultures were expanded in serum-free media. Hybridoma exhibiting poor growth in serum-free 
media were grown in 0.5% horse serum. Under such conditions, endogenous horse serum GPI-PLD did not 
interfere with either the ELISA or immunodepletion assay. The established hybridoma cells were then grown 
as ascites tumors in pristane-primed BALB/cByJ mice. Anti-GPI-PLD monoclonal antibodies were purified 
from ascites fluids by caprylic acid and ammonium sulfate precipitation as described by Reik, L. M., 
Maines, S. L., Ryan, D. E., Levin, W., Bandiera, S., and Thomas, P. E. (1987) J. Immunol. Methods, 100, 

12 
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123-130. 

ELISA - Non-competitive ELISA assays were run against mouse antiserum and culture supernatants as 
described by Thomas, P. E., Reik, L. M., Ryan, D. E., and Levin, W. (1984) J. Biol. Chem., 259, 3890-3899. 
Either immunogen or partially purified (wheat germ lectin- or Zn-chelate matrix-) GPI-PLD was coated onto 

5 96-weli polystyrene microlest plates. Binding of antibodies to GPI-PLD-coated plates was detected using 
HRP-conjugated second antibody and an appropriate chromogen as described by Thomas, P. E., Reik, L. 
M., Ryan, D. E., and Levin, W. (1984) J. Biol. Chem., 259, 3890-3899. 

Immunodepletion assay -- Hybridoma supernatants were screened for their abilities to im- 
munoprecipitate GPI-PLD activity. Culture supernatants (0.5 ml) were incubated with 50 U-I of a 50% 

io suspension of goat anti-mouse IgG-agarose for 1 h at 37 °C. BSA (0.5 mg) was added as a carrier protein. 
The beads were washed twice with 1 ml Buffer A plus 0.5% NP-40 and incubated with 40 u\ wheat germ 
lectin-purified GPI-PLD diluted with Buffer A plus 1 mg/ml BSA. After 1 h at 37° C, the beads were removed 
by centrifugation at 1 ,500 x g for 0.5 min, and the supernatants were analyzed for GPI-PLD activity using 
either alkaline phosphatase or 3 H-VSG as substrate. 

75 Immunoblotting Immunoblotting was carried out as previously described by Towbin, H., Staehlin, T., 

and Gordon, J. (1979) Proc. Natl. Acad Sci. USA, 76, 4350-4354. Antibodies (mouse antiserum or purified 
monoclonal antibodies) and second antibodies (HRP-goat F(ab')s anti-mouse IgG) were diluted, in 
phosphate-buffered saline, 1% BSA, 5% normal goat serum, and 0.05% Tween 20. After several washes, 
peroxidase activity was detected with 4-chloro-1-napthol and hydrogen peroxide, as previously described by 

20 Nielsen, P.J., Manchester, K. L., Towbin, H., Gordon, J., and Thomas, G. (1982) J. Biol. Chem., 257, 12316- 
12321. 

Immunoprecipitation Dimer GPI-PLD was iodinated with 125 1 using IODO-BEADS. Free 125 1 was 
removed with a desalting column (Econo-Pac 10DG, Bio-Rad). Hybridoma supernatants (0.25 ml each) were 
incubated with goat anti-mouse IgG-agarose beads (0.05 ml of 50% slurry) at 37 'C for 1.5 hr. BSA (0.2 mg) 

25 was added to each sample as a carrier protein during incubation. The mixtures were then centrifuged at 
1,500 x g for 0.5 min, and the beads were incubated overnight at 4°C with 125 l-labelled GPI-PLD (3.5 x 10 s 
cpm) in 0.25 ml of 50 mM Tris, pH 7.5, 0.1 M NaCI, 0.5% NP-40, and 1 mg/ml BSA. The beads were 
removed by centrifugation and washed three times (0.8 ml each) with 50 mM Tris, pH 7.5, 0.1 M NaCI, and 
0.5% NP-40. SDS-PAGE reducing sample buffer (40 u\) was added to the beads and aliquots (20 ul) were 

30 analyzed by SDS-PAGE. After electrophoresis, the gels were dried under vacuum and autoradiographed. 

In summary, GPI-specific phospholipase D was purified from bovine serum by two different methods. 
The enzyme was initially purified by an eight-step procedure. Using the purified enzyme as immunogen, a 
panel of monoclonal antibodies against GPI-PLD were generated. Purified GPI-PLD from bovine serum was 
also accomplished by a simple procedure involving immunoaffinity chromatography, wheat germ lectin 

35 Sepharose and Mono Q-FPLC. The enzyme purified by the latter procedure is present as a dimer as 
analyzed by gel filtration-HPLC. However, the material purified by the eight-step procedure contains a 
mixture of dimer and higher molecular weight aggregates. These forms of GPI-PLD can be separated by 
Mono Q- and gel filtration-HPLC. On SDS-PAGE, the purified enzyme shows a single protein band with a 
molecular weight of 100 kDa. On native isoelectric focusing gels (data not shown), each form of GPI-PLD 

40 exhibits a common pi of about 5.6. Using VSG or alkaline phosphatase as substrate, the dimer exhibits a 
much higher specific activity than the higher aggregates. 

When the 100-kDa protein and its tryptic peptides were subjected to amino acid sequencing analyses, 
the sequence data revealed no strong homologies to those of other known proteins except for the homology 
of two tryptic peptide sequences to each other and to the Ca 2 * binding domains of calcium binding 

45 proteins. The discovery of two potential metal binding sequences is interesting in view of the data reported 
here that the enzyme activity is sensitive to the addition of divalent metal ion chelators, such as EGTA and 
1 ,10-phenanthroline as shown in Table 4. 
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Table 4. Inhibitor Sensitivity of Two Forms of GPI-PLD 



Enzyme 


Inhibitor Activity remaining 


5 (%) 






GPI-PLD (aimer) 








None 


100 


10 


EGTA (1.5 mM) 


83 




EGTA (5.0 mM) 


18 




1,10-phenanthroline (0.075 mM) 


26 




1,10-phenanthroline (0.5 mM) 


3 


15 

GPI-PLD (aggregates) 








None 


100 




EGTA (1.5 mM) 


38 


20 


EGTA (5.0 mM) 


11 




1,10-phenanthroline (0.075 mM) 


44 




1,10-phenanthroline (0.5 mM) 


1-3 



Mono Q-HPLC peaks 1 (A 2 80'. 0.162) and 2 (A 2 80 : 0.319) were diluted 400- 
fold with 10 mM HEPES, pH 7.0, and 0.15 M NaCl. An aliquot (0.1 ml) was 
incubated with various amounts of inhibitors for 1 hr at 4°C in a total volume 
of 0.11 ml. GPI-PLD activity was determined using VSG as substrate. 
Inhibitor concentrations refer to those present in the final incubation. 
Activities are expressed relative to those of controls. 



Example 2 

Cloning and Expression of Bovine Glycosyl Phosphatidyl Inositol-Specific Phospholipase D 



. Bovine liver cDNA libraries were screened with synthetic oligonucleotides corresponding to peptide 
sequences derived from purified bovine glycosyl phosphatidyl inositol-specific phospholipase D (GPI-PLD). 
Two overlapping clones were isolated that together predict the exact amino acid sequence of all eight 
tryptic fragments that had been sequenced. The DNA sequence of the two clones predicted a mature 

45 protein of 816 amino acids and an additional signal peptide of 23 amino acids. The deduced sequence 
contained eight potential N-linked glycosylation sites and at least four regions with sequence similarity to 
metal ion binding domains of members of the integrin family [Hynes, R.O. (1987) Cell, 48, 549-554]. These 
observations were consistant with the characterized GPI-PLD being 100 kd in size, glycosylated, and metal 
ion-dependent. The identification of the cloned cDNA was confirmed by two assays for biological activity. 

so First, culture media and cell lysates of COS cells transfected with the gene showed phospholipase activity 
using 3 H-labelled GPI-anchored variant surface glycoprotein (VSG) of the African trypanosome as substrate 
in an in vitro assay. Analysis of the products from the in vitro VSG assays by thin layer chromatography 
showed that phosphatidic acid was a reaction product confirming that the phospholipase activity was that of 
phospholipase D. Second, COS cells transfected with a gene encoding GPI-anchored placental alkaline 

55 phosphatase (PLAP) released significant amounts of PLAP into the media when co-transfected with the GPI- 
PLD clone but not when transfected alone. These results suggest that GPI-PLD may play a role in the 
regulation of cell surface expression of GPI-anchored proteins in vivo. 

The amino acid sequence of eight tryptic fragments from bovine GPI-PLD was used to design a set of 
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four degenerate oligonucleotide probes for the purpose of screening by DNA hybridization bovine DNA 
libraries- Because PLD activity had been detected in liver extracts, a liver cDNA library was initially 
screened. No positive clones were detected among the 5 x 10 5 clones screened. However, the screening of 
a bovine genomic library yielded one positive clone that hybridized to one of the four oligonucleotide 

5 probes. Partial DNA sequence analysis of this clone revealed an open reading frame that predicted exactly 
the sequence of the 22 amino acid tryptic fragment, T34. However, this coding sequence was in an exon 
that appeared to be only 79 bp in length. Instead of characterizing this genomic clone further, a second 
attempt at isolating a cDNA clone was made using two non-degenerate 30-mer oligonucleotides correspond- 
ing to the 79 bp exon sequence. In addition, a new bovine live cDNA library was constructed using random 

10 hexanucleotides to prime first strand synthesis. From 5 x 10 s clones screened, two positive ones were 
isolated with the longer insert being 1.6 kb in length (clone pBJ1549). The complete sequence of the 1.6 kb 
insert was determined and shown to predict exactly the amino acid sequence of five of the eight tryptic 
fragments reported including (as expected) fragment T34 encoded by the genomic clone. Comparison of 
the deduced protein sequence to the N-terminal sequence of intact GPI-PLD revealed that the clone 

75 encoded the mature N-terminus of the protein (Cys 1 in Fig. 5). That means, that the initial translation 
product contains a 23 amino acid peptide. 

Clone pBJ1549 was considered incomplete because 1) it encoded a protein of only 50 kd while a core 
protein of 80-100 kd was expected, 2) three of the eight tryptic sequences were not accounted for, and 3) 
an in-frame translation stop condon was not present. To isolate clones encoding the C-terminus, a liver 

20 cDNA library was screened with a nick-translated 400 bp fragment from the 3' end of pBJ1549. One clone 
was isolated that had a 1.1 kb insert (clone pBJ1644). Sequence analysis showed that the insert began at 
nucleotide 1450 of pBJ1549 and extended 1090 nucleotides in the direction of the C-terminus. The two 
clones had identical sequences in the 140 base region of overlap. The open reading frame identified in 
pBJ1549 continued in pBJ1644 until a stop codon at nucleotide 2557. The pBJ1644 insert encoded exactly 

25 the three tryptic fragments not encoded by pBJ1549. Together they encoded a 23 amino acid signal 
peptide and a 816 amino acid mature protein (90.2 kd) with eight possible N-linked glycosylation sites. 
These data indicated that these two clones combined contained the complete coding sequence for this 
protein. 

Analysis of the deduced amino acid sequence revealed four regions of internal similarity (amino acids 
30 379-402, 448-471, 511-534, and 716-739) that ranged from 21% to 54% identical (54% to 75% similar) to 
each other. A computer search in amino acid and nucleotide sequence databases revealed significant 
similarity of these repeats with the metal ion binding domains of the integrin alpha subunits. They share an 
aspartate-rich core sequence flanked by short conserved segments which are unique to the integrins. Apart 
from the absence of a glutamate residue, the core sequence DX(D/N)XDGXXD matches the EF-hand 
35 consenus motif characteristic of a number of Ca 2 * and Mg 2 * binding proteins such as calmodulin, troponin 
C, and parvalbuim. The observation that the gene reported here contains domains similar to metal ion 
binding domains of the integrins is consistent with the calcium requirements of GPI-PLD in enzymatic 
assays. 

To express the cloned cDNAs and confirm that the encoded protein was GPI-PLD, the two inserts were 
40 first spliced together at the Accl site in their region of overlap and the resulting 2.6 kb cDNA ligated into the 
eukaryotic expression plasmid, pBCl2BI (Cullen (1987) Methods in Enzymology 152, 684-704). The 
resulting plasmid, pBJ1682, was introduced into COS cells and expression confirmed by using a pool of 
monoclonal antibodies against the purified serum enzyme to perform 1) immunofluoresence of per- 
meabilized cells (data not shown), and 2) Western blot analysis. While mock-transfected cell medium and 
45 lysate showed no detectable immunoreactive proteins by Western blot (lanes 1 and 2 in Figure 6), 
pBJ1682-transfected cells produced an immunoreactive protein detectable in both the medium and the 
lysate of sizes consistent with that of a glycosylated 90 kd core protein (lanes 3 and 4). However, the 
protein detected in the lysate migrated slightly faster than the protein secreted into the medium which in 
turn migrated faster then purified serum GPI-PLD. To demonstrate that these differences in migration were 
so not due to differences in the types of sample (e.g. lysate vs. medium), pBJl682-transfected cell medium or 
lysates were mixed with an equal volume of mock-transfected cell lysate or medium, respectively, prior to 
loading on the gel. the nature of these differences in size (estimated to be as much as 10 kd between 
lysate and purified serum proteins) may provide an important clue as to how the active form of this enzyme 
differs from its inactive form. 

55 Culture media and cell lysates of the pBJ1682-transfected or rnock-transfected COS cells were then 

prepared and incubated with 3 H-labelted GPI-anchored variant surface glycoprotein (VSG) to test for 
phospholipase activity. As shown in Fig, 7A, significant amount of phospholipase activity was detected in 
the medium of DNA-transfected cells while only background levels of activity was detected in mock- 
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transfected cells. After 46 hours in serum-free medium, the amount of phospholipase activity secreted 
reached 65 U/mi (approximately 0.15 ug/ml assuming that the COS cell secreted enzyme had the same 
specific activity as the purified bovine serum enzyme). Fig. 7B shows that from pBJ1682-transfected cells 
only a small amount of phospholipase activity was observed in the lysates compared to the media. These 

5 results indicated that the cloned gene did encode phospholipase enzyme and that most of the enzymatic 
activity was secreted from the cells. 

Analysis of the reaction products of 3 H-labelled VSG hydrolysis assays confirmed that the 
phospholipase activity in DNA-transfected cells was that of phospholipase D (see Figure 8). The major 3 H- 
labelled product resulting from hydrolysis by purified serum GPI-PLD or the conditioned media from 

70 transfected cells co-migrated with dimyristoyl phosphatidic acid during thin-layer chromatography. 

Transfected COS cell lysated and conditioned media were also examined for their specificities against 
non-GPI linked dipalmitoyl phosphatidylcholine substrate in the presence of ethanol. Neither PA nor 
phosphatidylethanol (a transphosphatidylation product of Phosphatidylcholine-specific PLD in the presence 
of ethanol) were detected by thin layer chromatography (data not shown) confirming that the cloned gene 

75 was the GPI-specific form of PLD. 

Example 3 



Transfection of COS Cell with a Gene encoding GPI-Anchored Protein alone and with a Gene encoding for 
20 GPI-PLD 



To test for in vivo phospholipase activity against a GPI-anchored substrate, COS cells was transfected 
with a gene encoding GPI-anchored placental alkaline phosphatase (PLAP) alone or co-transfected with 
PBJ1682. Cell media and lysates were assayed for alkaline phosphatase activity. When COS cells were 

25 transfected with the PLAP cDNA alone, the majority of PLAP activity was detected in the cell lysate. This 
was consistent with PLAP being a GPI-anchored protein. When COS cells were co-transfected with both 
PLAP and pPJ1682, the amount of PLAP secreted into the medium was much higher then that of cells 
transfected with PLAP cDNA alone. The PLAP activity in the lysate of co-transfected cells was slightly 
higher than that of cells transfected with PLAP only, suggesting that in cotransfected cells GPI-anchored 

30 PLAP was constantly being synthesized and released by phospholipase activity. This was also supported by 
the fact that the total PLAP activity detected in the medium and lysates of co-transfected cells was 
consistently much higher than that in cells transfected with PLAP alone. In COS cells transfected with 
pBJ1682 DNA alone, only background levels of endogenous PLAP were detected in the medium or lysates. 
These results demonstrated that the cloned phospholipase could greatly affect the cell-surface expression 

35 of a GPI-anchored protein. 

To test whether the GPI-PLD secreted from COS cells would hydrolyze cell-surface GPI-anchored 
PLAP, media from pBJ1682-transfected cells was incubated with PLAP-transfected cells and aliquots of 
media were assayed for PLAP activity after t, 3, 8 and 24 hours of incubation. No PLAP activity was 
detected even though the media was active in the VSG assay both before and after the 24 hour incubation 

40 period. 

As an alternative means of determining whether GPI-anchored proteins were hydrolysed by GPI-PLD, 
the cell culture supernatants of cotransfected COS cells were examined by immunoprecipitation following 
labelling with 3H-ethanolamine. If GPI-anchored proteins were actually being hydrolyzed by GPI-PLD, then 
the hydrolyzed products would be expected to maintain the 3H-ethanolamine moietoydrolytic products 
45 derived by proteolysis, which would not contain this group. Both PLAP and CD16 can be released from GPI- 
PLD co-transfected cells in a form which still contains an ethanolamine residue. These results eliminate the 
possibility that the released proteins are proteolytically derived products, and demonstrate that at least two 
different GPI-anchored proteins can be released by GPI-PLD. 

so Example 4 



Molecular Cloning of the Human Liver Phospholipase D Gene 

Tryptic peptide fragment sequences of a bovine GPI-PLD and DNA sequence from a partial bovine 
55 genomic clone were available. Using this information, a pair of oligonucleotides (#1s, #la) were designed to 
search for a human source of PLD mRNA by the polymerase chain reaction. In liver, the presence of the 
message was detected by a 81 -bp amplicon. Based on bovine cDNA sequences, primers were prepared 
(#5s, #4a) to amplify the 1 .2kb fragment corresponding to the 5' half of the phospholipase D transcript from 
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human liver first-strand cDNA. 

A partial human GPI-PLD cDNA clone was isolated by library screening. Human liver polyA + mRNA was 
primed using oligo-dT and size selected. EcoRI-linkered cDNA was cloned into the lambda-ZAP II vector 
(Stratagene). This library of 2.5 million recombinants was screened unamplified in duplicate with the bovine 
5 cDNA (at low stringency) and the 1 .2-kb human GPI-PLD amplicon (at high stringency). A positive clone 
was identified by both probes and the insert was sequenced. This partial cDNA clone (nucleotide 688-1247) 
encoded 186 amino acid residues (230-416). 

Since the mature amino terminus of human GPI-PLD was found to be highly conserved with that of the 
bovine protein (11 amino acids identical of the first 12) and partial Q-terminus sequence of a human 
io pancreas PLD cDNA was available, two oligonucleotides (#5s, #9a) were made to amplify a 2.5-kb amplicon 
from human liver first-strand cDNA. The segment corresponds to sequence coding for the mature human 
phospholipase D gene product. The amplicon was cloned into the vector pRcCmV (Invitrogen) and 
pBCl2BI-derived vectors for expression in mammalian cells. 

The DNA sequence coding for the mature human GPI-PLD protein was obtained from two indepen- 
75 dently isolated clones of the 2.5 kb amplicon, the partial cDNA clone and the 1 .2 kb amplicon (described 
above; see Fig. 9). The predicted peptide sequence is 817 amino acid and 82% identical to the bovine 
sequence. 

To clone the signal peptide of human GPI-PLD, an oligonucleotide (#5RT) was designed to prime cDNA 
synthesis from liver polyA+ RNA. An adaptor-linker was ligated to the ends of the cDNA which was then 

20 subjected to two rounds of PCR using an adaptor primer and the oligonucleotides #5amp followed by #237. 
A 300 bp amplicon detected by #5s on a Southern blot was subcloned and the sequence of seven clones 
were determined. The signal peptide of human liver GPI-PLD is 24 amino acids long and the sequence 
matched closely to that of the bovine GPI-PLD (14 amino acids identical). The human liver signal peptide 
was joined to the mature protein coding region via a Hpal site in the pRcCMV expression construct. 

25 The following oligonucleotides and PCR-conditions were used in the procedure described above. 

Oligonucleotides 

# Sequence nucleotide positions 

Is: CTGTTACTTAGGCACCAGG bovine 85-103 

la: CTCTCTCACAGATGCTAGG bovine 144-162 

5s: TGTGGCCTTTCGACACACATAGAAATAGG human 1-29 

4a: ACGCGCCCCACGTGAATGCGGCCTGGGTG bovine 1150-1178 

9a: TCAATCTGAGCCAAGGCTATAGAC human 2430-2453 



30 



35 



40 



45 



5RT: GAATCCTTGTTCAATG human liver 411-426 

5amp CTGCTACCATATGAGAAGTA human liver 388-369 

237: T ATGC ATC CTGGTCTTCT human liver 182-165 



Plasmid or genomic DNA, single stranded cDNA, or lambda phage have been used as template in 
50 PCRs. A 50ul-reaction contains 10mM Tris-HCI pH8.3 at 25°c, 1.5 mM MgCI 2 , 50mM KCI, 0.01%(w/v) 
gelatin, template DNA, a pair of oligonucleotide primers (50pmol each), 2.5 units Taq DNA polymerase 
(Cetus-Perkin Elmer) and 200uM of dATP, dCTP, dGTP, dTTP. Template DNA was denatured at 94* C for 
7 minutes. The amplification was carried out in a Perkin-Elmer thermocycler'for 25-35 cycles. Each cycle 
consists of a denaturation step set at 94°c for 1 min, an annealing step at 55°c for 2 min and an extension 
55 step at 72°c for 3 min. The denaturation step of the first cycle was extended to 7 min and an extra 72°c, 10 
min extension step was included at the end of the cycles. The PCR products were analyzed in an 1-4% 
agarose gel. Amplified DNA was excised from gel, purified on glass beads (Geneclean) and subcloned into 
the Hindi site of the general purpose cloning vector pBS (Stratgene). 
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The Library Construction & Screening was performed as follows: 

Human liver mRNA was purchased from Clontech Labs and cDNA was synthesized by the procedure of 
Gubler and Hoffmann (1983). In a 50ul reaction (50mM Tris-HCI pH8.3, 75mM KCI, 3mM MgCI 2 , 10mmM 

5 DTT, 0.5mM dATP, O.SmM dCTP, 0.5mM dGTP, 0.5mM dTTP), lug of mRNA primed with 1.25ug oligo-dT 
was converted into single stranded cDNA using the RNAseH negative MMLV-reverse transcriptase (BRL). 
The reaction was incubated at 37°c for 1 hour. The yield was monitored by adding 10tiCi 32 P-dCTP to the 
reaction and measuring incorporated radioactivity after TCA precipitation. 

Second strand synthesis was carried out as follows using buffers from the Amersham cDNA synthesis 

70 and cloning kit. The 250ul-reaction contains 50ul of 1st strand synthesis reaction, 93.5 ul 2nd strand 
synthesis buffer, 4U RNaseH, 115U DNA polymerase I and 9l.5ul water. The synthesis was carried out at 
14°C for 1 hr, then at room temperature for 1 hr followed by an 10-min incubation at 70°C. 2 ul T4 DNA 
polymerase (4 U/ul) was added and the mix incubated for 10 min at 37°C. The yield of the reaction was 
estimated by counting TCA precipitated cDNA. Purified double-stranded cDNA was methylated in a 20-ul 

75 reaction containing 4ul of M buffer, 1x s-adenosylmethionine and 30U of EcoRI methylase. The mixture was 
incubated at 37°C for 1 hr and then 10 min at 70°C to inactivate the enzyme, EcoRI linkers (t.5ug) were 
ligated to methylated cDNA (1 .5ug) in an overnight reaction at 15°C in 50mM Tris-HCI pH7.5, 10mM MgCI 2 , 
10mM DTT, 1mM ATP and T4 DNA ligase. The linkered cDNA.was digested with EcoRI (100U) in a 100ul 
reaction for 5 hrs at 37°C. Digested cDNA was then size fractionated in a Sephacryl S500 column and high 

20 molecular weight fractions were pooled and purified. 

The gene library was constructed in the vector, lambda ZAPII (Strategen). cDNA was ligated to the 
EcoRI-digested phosphorylated vector overnight at 14° C in a 10ul reaction containing T4 DNA ligase and 
its buffer. Ligated cDNA was packaged into phage using the Gigapack kit under conditions suggested by 
Stratagene. 

25 A library of 2.5 million clones was generated and plated out on XL-1 blue cells and duplicate set of 
filters were lifted. The procedure for plaque hybridization of Benton & Davis (1977) Science 196, 180-182, 
was followed. A radioactive 32 P labelled DNA probe (2.5x1 0 8 cpm/ug) was prepared by the random priming 
method (Feinberg & Vogelstein (1984) Anal. Biochem. 137, 266-267). Hybridization was carried out in 
6xSSC, 0.1% SDS, 5x Denhardt's, 100ug/ml salmon sperrfTDNA, 25-50% formamide at 42°c overnight. The 

30 filters were washed in 0.1-2x SSC, 0.1% SDS at 37°c (low stringency) or 55°c (high stringency) before 
autoradiography. 

DNA Sequencing 



35 Double stranded plasm id DNA was sequenced according to the procedure described in the Sequenase 

(USB) manual. Figure 9 shows the nucleotide sequence and translated amino acid sequence of the human 
liver GPI-PLD. Figure 10 shows the, alignment of amino acid sequence of the human and bovine liver GPI- 
PLD mature protein. 

40 Example 5 

Isolation and Characterization of a Human Pancreatic Phospholipase D cDN A Clone 

Total RNA was isolated from a human pancreas tumor as described by Gubler et al., (1983) Proc. Natl. 

45 Acad. Sci. U.S.A. 80, 4311-4314. Poly A + RNA was selected resulting in a yield of 2.5%(w/w) relative to the 
total amount of RNA input. A cDNA library was constructed in Xgt1 1 and amplified according to procedures 
published in Sambrook.J., Fritsch.E.F. and Maniatis, T., Molecular Cloning, A Laboratory Manual, Second 
Edition, Cold Spring Harbor Laboratory Laboratory Press 1989. The cDNA library was screened using the 
bovine GPI-PLD nick-translated cDNA as a probe [see Kocha.J. et al. (1986) Cell 44, 689-696] under 

so conditions of reduced stringency (25% formamide). Two positive, clones were plaque puTIfied, cDNA inserts 
were subcloned in pGem3z (Promega Biotec) and their sequence determined using the dideoxy sequencing 
technique as recommended by the manufacturer of sequenase (United States Biochemical Corp.) The 
sequence of clone pJJ 1935a is shown in Fig. II and begins at nucleotide 1 (corresponding to nucleotide 
1609 of the bovine GP-PLD nucleotide). The sequence of clone pJJ1939 begins at nucleotide position 410 

55 of pJJl935a and is identical to pJJ1935a. 

Analysis of the partial amino acid sequence of the human pancreas GPI-PLD reveals a high level of 
identity (81%) when compared to the bovine amino acid sequence, and 84% identity at the nucleotide level. 
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Example 6 

Novel Process for the Production of recombinant, secretable Proteins 



5 Other proteins that are normally not GPI-anchored can be made to be GPI-anchored by modifying their 

gens to encode the signal sequence for GPI-attachment at their 3' ends. If cells are transfected with both 
this modified gene and the gen for GPi-PLD, the protein gets secreted. 

To determine if the principle of GPI-anchor protein secretion could be applied in general to other 
proteins, the GPI-anchor of CD16 was tranfered to other proteins, and their expression was monitored in the 

70 presence or absence of GPI-PLD. A DNA fragment encoding the portion of CD16 that signals GPI 
attachment [See Scallon et al., Proc. Natl. Acad. Sci. USA 86,5079-5083 (1989), Selvaraj et al., Nature 333, 
565-567 (1988) and Simmons et al., Nature 333,568-570 (1988)], namely the C-terminal 37 amino acids. 

15 Ser Thr He Ser Ser Phe Ser Pro Pro Gly Tyr Gin Val Ser Phe Cys Leu Val Met Val 
21 37 
Leu Leu Phe Ala Val Asp Thr Gly Leu Tyr Phe Ser Val Lys Thr Asn He, 

20 • ■ . . 

was spliced to DNA encoding the extracellular domains of hte Endothelial Leukocyte Adhesion Molecule-T 
(ELAM-1) [See Bevilacqua, M.P. et al., (1989) Science 243, 1160-1165]; and to DNA encoding the 
extracellular domains of the p70 subunit of the IL-2 receptor (Hatakeyama, M. et al., (1989) Science 244, 
551 -556) by general methods common to the art. 

25 Specificallly for the ELAM-1, two independent constructs were made using PCR technology, namely, 
ELAM-1-1-GPI and ELAM-1-2-GPI. For ELAM-1-1-GPI the oligonucleotide 5*- 
TTTG ATC ATTCTCTC AG CTCTC ACTTTG -3 ' (5' sense primer) and 5'- 

TGGTCGACTCAGTGGGAGCTTCACAGGT-3' (3' anti-sense primer) were used to generate an amplicon. 
This amplicon was then digested with the restriciton enzymes Bell and Sail and contained the ELAM 

30 extracellular coding sequences (amino acids 15-532) used for the ELAM-1 -GPI construct. For ELAM-1 -2- 
GPI, the oligonucleotides S'-TTTGATCATTCTCTCAGCTCTCACTTTG-S' (5 1 sense primer) and 5'- 
TAGTCGACACAATTTGCTCACACTTGAG-3' (3* anti-sense primer) were used to generate an amplicon. This 
amplicon was then digested with the restriction enzymes Bell and Sail and contained the -ELAM-1 
extracellular coding sequences (amino acids 15-157) used for the ELAM-1 -2-GPt construct 

35 For p70-GPI the oligonucleotides 5'-ACGTCGACGTGTCCTTCCCAAGGGCTGC-3 (3* anti-sense primer) 
and 5 , -CCGGATCCTGTCCTGGCGTCTGCCCCTC3 , (5' sense primer) were used to generate an amplicon. 
This amplicon was digested with the restriction enzymes BamHI and Sail and contained the p70 extracel- 
lular coding sequences (amino acids 21-214) used for the p70-GPI construct. 

The C-terminal GPI signal peptide from CD16 was also isolated by using PCR technology. The 

40 oligonucleotides 5*-GTGTCGACCATCTCATCATTCTCTCCA-3 ? (5' sense primer) ° and 5- 
AGTGTTTGTGTAGCTCTGAAACTT-3" (3' anti-sense primer) were used to generate an amplicon, which 
was digested with the restriction enzymes Sail and Stul (internal site in the amplicon) and encoded amino 
acids 180-2167 of the CD16 protein. To generate the various GPI chimeric constructs, the protein coding 
regions of the protein of interest were ligated to the CD16 GPI-anchor sequences and in turn ligated into the 

45 eukaryotic expression vector pBCl2BI (which had been digested with BamHI and Smal). The different GPI- 
constructs were identified by colony hybridization, and verified by restriction enzyme analysis and DNA 
sequencing. 

To determine if the hybrid GPI-proteins were secreted when cotransfected with the GPI-PLD, COS cells 
were transfected with ELAM-1 -1 -GPI (Fig. 12A), ELAM-1-2-GPI (Fig. 12 B) or p70-GPI (not shown) in the 

so presence or absence of pBJ1682. Two days after transfection, the cells were metabolicially labelled with 
35 S-cysteine for two hours. The cell media or extracts were immunoprecipitated using antibodies directed 
against the protein of interest, fractionated by SDS-PAGE and visualized by fluorography. The protein of 
interest was detected in all of the cell extracts examined but was only found in the supernatant when the 
GPI-PLD construct was co-tranfected. These results demonstrate that a GPI-anchor can be attached to a 

55 protein which his nol normally GPI-anchored, and that this novel hybrid protein is secreted if it is expressed 
in the presence of the GPI-PLD enzyme. Such a secreted protein may be therapeutically relevant in the 
traeatment of various disesase depending on the hybrid protein which is used. 

The teachings of all of the references cited in the present application including those listed below are 
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Claims 

1. The protein glycosyl phosphatidylinositol-specific phospholipase D (GPI-PLD) or biological activ frag- 
25 ments thereof, substantially free from other proteins. 

2. A glycosyl phosphatidylinositoi-specific phospholipase D active compound which is a mutant of a 
compound as claimed in claim 1 . 

30 3. A compound as claimed in claims 1 or 2, wherein the protein of claim 1 is bovine liver GPI-PLD. 

4. A compound as claimed in claim 3, wherein the bovine liver GPI-PLD has the amino acid sequence as 
set forth in Figure 5. 

35 5. A compound as claimed in claim 1 or 2, wherein the protein of claim 1 is human liver GPI-PLD. 

6. A compound as claimed in claim 5, wherein the human liver GPI-PLD has the amino acid sequence as 
set forth in Figure 9. 

40 7. A compound as claimed in claim 1 or 2, wherein the protein of claim 1 is human pancreatic GPI-PLD. 

8. A compound as claimed in claim 7, wherein the human pancreatic GPI-PLD has the partial amino acid 
sequence as set forth in Figure 11. 

45 9. A glycosyl phosphatidylinositol-specific phospholipase D active fragment of a compound as claimed in 
anyone of claims 3-8. 

10. A glycosyl phosphatidylinositol-specific phospholipase D active mutant of a compound as claimed in 
anyone of claims 3-8. 

50 

11. A glycosyl phosphatidylinositol-specific phospholipase D active fragment of a mutant of a compound as 
claimed in anyone of claims 3-8. 

12. A polynucleotide coding for a protein as claimed in anyone of claims 1-11 or the complementary strand 
55 thereto. 

13. A recombinant vector containing a polynucleotide as claimed in claim 12 operatively linked to an 
expression DNA-sequence. 
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14. A recombinant vector of claim 13 which is a plasmid or viral vector capable of replication in a 
eukaryotic or prokaryotic cell. 

15. A prokaryotic or eukaryotic host cell transformed or transfected with a vector as claimed in anyone of 
5 claims 1 3 or 14. 

16. A process for producing a protein as claimed in anyone of claims 1-11, comprising culturing a host 
containing a recombinant vector as claimed in anyone of claims 13 or 14 under appropriate conditions 
of growth so that said protein is expressed and isolating said protein. 

10 

- 17. A process of claim 16, wherein the host are CHO cells. 

18. A process for secreting a protein from a cell which process comprises 

a) transforming a host cell with a recombinant vector as claimed in anyone of claim 13 or 14 and 
75 with a recombinant vector coding for a GPI-anchored protein 

b) culturing the transformed cell under appropriate conditions of growth so that both proteins are 
expressed and 

c) isolating the protein from the culture medium the GPI-anchor of which is cleaved off. 

20 19. A process claim 18, wherein the GPI-anchored protein is formed by splicing a C-terminal GPI-signal 
peptide to a protein of interest 

20. A process of claim 19, wherein the C-terminal GPI-signal peptide is derived from the CD16 protein. 

25 21. The use of a protein as claimed in anyone of claims 1-11 for cleaving of proteins which are attached to 
a glycosyl phosphatidylinositol anchor, characterized in that a protein attached to a GPI-anchor is 
cleaved from the GPI-anchor by reaction with said protein and a suitable detergent. 

22. Antibodies specific to a protein as claimed in anyone of claims 1-11. 

30 
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FIG 4 
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FIG 5 



Met 

CCATTCCTCCTCACCATACCACCCGCGAGTAATCAGACC ATG 

Leu Met Leu Leu Cly Phe Leu Cys Pro Arg Ser 
CTC ATG CTA CTC CCC TTC C7C TCC CCT ACA ACT 



S«r Ala Phe Arg Phe Trp S«r Cly Leu -14 

TCT CCT TTC ACA TTC TCC TCA CCA CTC 69 

$«r Pro^Cya Cty lie Ser Thr Hit lie 7 

TCA CCA TCT CCC ATT TCC ACA CAC ATA 129 



Glu lie Cly His Arg All Leu Glu Phe Leu Mis Leu Cln Asp Cly Set lie Asn Tyr Lyv 27 
GAA ATA CCA CAC ACA CCT CTC CAC TTT CTC CAC CTT CAC CAT CCC ACT ATT AAC TAC AAA 169 

Glu Leu Leu Leu Arg Mft Cln Asp Ala Tyr Gin Ala Cly Ser Val Phe Pro Asp Ser Phe 47 

CAC CTC TTA CTT ACC CAC CAC CAT CCA TAT CAG CCT CCA TCC CTC TTT CCT CAC TCA TTT 249 

Tyr Pro Ser lie Cys Clu Arg Cly Cln Phe Hit Asp Val Ser Clu Ser Thr His Trp Thr 67 

TAC CCT ACC ATC TCT CAC ACA CCA CAA TTC CAT CAC CTC TCA CAC ACC ACT CAC TCC ACT 509 

Pro Phe Leu Asn Ata Ser Val His Tyr lie Arg Lys Asn Tyr Pro Leu Pro Trp Asp Clu 87 

CCA TTT CTT AAC CCA ACT CTT CAT TAT ATC CCC AAC AAC TAT CCT CTT CCC TCC CAT GAG 369 

Asp Thr Clu Lys Leu Val Ala Phe Leu Phe Cly He Thr Ser His Met Val Ala Asp Val 107 

CAC ACA CAC AAA TTC CTA CCT TTC TTC TTT CCA ATT ACC TCT CAC ATC GTG CCT CAT CTC 429 

Asn Trp Hfs Ser Leu Cly Me Glu Cln Gly Phe Leu Arg Thr Met Ala Ata He Asp Phe 127 

AAC TCC CAT ACC CTC CCT ATT CAA CAA CCA TTC CTT ACC ACC ATC CCT CCC ATT CAT TTT 449 

His Asn Ser Tyr Pro Glu Ala His Pro Ata Cly Asp Phe Gly Cly Asp Val Leu Ser Gin H7 

CAC AAC TCC TAT CCC GAG CCA CAT CCC CCT CCT CAT TTC CCA CCA CAC CTC TTC AGC CAC 549 

Phe Glu Phe Lys Phe Asrt Tyr Leu Ser Arg His Trp Tyr Val Pro Ala Clu Asp Leu Leu 167 

TTC CAC TTT AAA TTT AAT TAC CTC TCA CCC CAC TCC TAT CTC CCT CCT CAA GAT CTC CTC 609 

Gly lie Tyr Arg Clu Leu Tyr Gly Arg lie Val He Thr Lys Lys Ala He Val Asp Cys 187 

CCA ATT TAT ACA CAA CTC TAC CCC CCA ATA CTC ATC ACC AAA AAA CCC ATT CTT CAC TCT 669 

Ser Tyr Leu Cln Phe Leu Clu Met Tyr Ala Clu Met Leu Ale He Ser Lys Leu Tyr Pro 207 

TCA TAC CTT CAA TTC TTC CAA ATC TAT CCC CAG ATC TTA CCT ATT TCC AAC CTT TAT CCC 729 

Thr Tyr Ser Val Lys Ser Pro Phe Leu Val Glu Gin Phe Gin Gtu Tyr Phe Leu Cly Gly 227 

ACT TAT TCT CTA AAA TCC CCA TTT TTG GTG CAA CAA TTT CAA CAA TAC TTC CTA CCA CCC 789 

Leu Clu Asp Met Ala Phe Trp Ser Thr Asn tie Tyr His Leu Thr Ser Tyr Met Leu Lys 247 

CTC CAA CAT ATG CCC TTT TCC TCC ACT AAT ATT TAC CAT CTC ACA ACT TAC ATC TTA AAC £49 

Asn Cly Thr Ser Asn Cys Asn Leu Pro Glu Asn Pro Leu Phe He Thr Cys Cly Cly Cln 267 

AAC CCC ACC ACT AAC TCC AAC CTC CCT CAC AAC CCT CTC TTC ATC ACA TCT CCC CCT CAA 909 

Cln Asn Asn Thr Hfs Gly Ser Lys Vat Gin Lys Asn Gly Phe His Lys Asn Vat Thr Ala 287 

CAA AAC AAC ACC CAT CCC TCA AAA CTA CAC AAA AAT CCT TTT CAT AAA AAT CTC ACT CCA 969 

Ala Leu Thr Lys Asn lie Cly Lys His He Asn Tyr Thr Lys Ar* Cly Val Phe Phe Ser 307 

CCC CTA ACT AAA AAT ATT CCA AAG CAT ATA AAC TAT ACC AAA ACA CCA GTG TTC TTT ACT 1029 

Val Asp Ser Trp Thr Met Asp Phe Leu Ser Phe Met Tyr Lys Ser Leu Clu Arg Ser He 327 

GTG CAT TCC TCC ACC ATC CAT TCC TTA TCC TTC ATC TAC AAC TCT TTG CAG ACC ACT ATA 1089 

Arg Clu Met Phe He Gly Ser Ser Gtn Pro Leu Thr His Vat Ser Ser Pro Ala Ala Ser 347 

CCC CAG ATC TTT ATT CCC ACC TCT CAG CCA CTC ACA CAT CTT TCT AGC CCC CCA CCA TCT 1149 

Tyr Tyr Leu Ser Phe Pro Tyr Thr Arg leu Cly Trp Ata Met Thr Ser Ata Asp leu Asn 367 

TAC TAC TTG TCA TTT CCC TAC ACA ACC CTT CCT TCC CCA ATC ACT TCA CCT CAT CTC AAC r 1209 

Cln Asp Ct y Tyr Gtv Asp Leu Vat Val Civ Ala Pro Cly Tyr Ser Rla Pro Cly Arg lie 387 

CAC CAT CCA TAC CCT CAC CTC GTG GTG CCT CCC CCT CCC TAC ACC CAC CCA CCC CCC ATT 1269 

Mis Val Cly Arg Val Tyr Leu lit Tyr Cly Asn Asp Leu Cty Leu Pro Arg He Asp Ltu 407 

CAC CTG CCC CCC CTC TAC CTC ATC TAT CCC AAT CAC CT6 CCC TTG CCC CCT ATC CAC CTC 1329 

Asp Leu Asp Lys Ctu Ata Hit Cly tit Leu Ctu Cty Pht Cln Pro Ser Cly Arg Phe Ctv 427 

CAC CTC CAC AAG CAC CCC CAC CCC ATC CTG CAC CCT TTC CAC CCC TCA CCT CCA TTT CCC 1389 
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FIG 5 ( continued ) 
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FIG 7 
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FIG 8 
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FIG 9 



Nucleotide sequence and deduced amino acid sequence of 
Human Liver GPI-Phosuholipase D cDNA 

1 

cgtcattagaggagccggtggggaatgagagcATGTCTGCTTTCAGGTTGTGGCCCGGCC 

+ + + + + . + 2 8 

gcagtaatctcctcggccaccccttactctcgTACAGACGAAAGTCCAACACCGGGCCGG 

-24 

MSAFR L WPGL -15 

TGCTGATGATCGTGATGGCTTCTCTCTGCCATAGAGGTTCATCGTGTGGCCTTTCAACGC 

+ + + h + h 88 

ACGACTACTAGCACTACCGAAGAGAGACGGTATCTCCAAGTAGCACACCGGAAAGTTGCG 

+ 1 

LMIVMAS LCHR G S SCGLSTH+6 

ACATAGAAATCGGACACAGAGCTCTGGAGTTTCTTCATCTTCACAATGGGCATGTTAACT 

+ + ■ + + + + 14 8 

TGTATCTTTAGCCTGTGTCTCGAGACCTCAAAGAAGTAGAAGTGTTACCCGTACAATTGA 

IEIGHR'ALE FLH LHNGHVNY26 

ACAAAGAGCTGTTACTAGAACACCAGGATGCATATCAGGCTGGAACCGTGTTTCCTGATT 

4 4 + + + 4 2 08 

TGTTTCTCGACAATGATCTTGTGGTCCTACGTATAGTC'CGACCTTGGCACAAAGGACTAA 

KELL.LEHQDAYQAGTVFPDC 46 

GTTTTTACCCTAGCCTCTGCAAAGGAGGAAAATTCCATGATGTGTCTGAGAGCACTCACT 

4 4 + + + + 2 68 

' CAAAAATGGGATCGGAGACGTTTCCTCCTTTTAAGGTACTACACAGACTCTCGTGAGTGA 

FYPS LCKGGKFHDVSES THW66 

GGACTCCGTT^CTTAACGCAAGCGTTCATTATATCCGAGAGAACTATCCCCTTCCCTGGG 

+ + + h + + 3 28 

CCTGAGGCAAAGAATTGCGTTCGCAAGTAATATAGGCTCTCTTGATAGGGGAAGGGACCC 

TPFLNAS V H Y I RENYPLPWE86 

AGAAGGACACAGAGAAACTGGTAGCTTTCTTGTTTGGAATTACTTCTCATATGGTAGCAG 

+. + h K + + 3 88 

TCTTCCTGTGTCTCTTTGACCATCGAAAGAACAAACCTTAATGAAGAGTATACCATCGTC 

KDTEKLVAFLFGITSHMVAD 106 
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FIG 9 (continued) 



ATGTCAGCTGGCATAGTCTGGGCATTGAACAAGGATTCCITAGGACCATGGGAGCTATTG 

( 4 i •+■ — — — — „-.— f — — — — —4- 448 

TACAGTCGACCGTATCAGACCCGTAACTTGTTCCTAAGGAATCCTGGTACCCTCGATAAC 

V S WHS LG I E Q G FLRTMGA I D 126 

ATTTT C A CG GCT CCT ATT CTGAGGCTCATTCAGCTGGTGATTTTGGAGG AG ATGTGTTG A 

h H i 1 1 + 508 

TAAAAGTGCCGAGGATAAGACTCCGAGTAAGTCGACCACTAAAACCTCCTCTACACAACT 

F H G S Y S E AH S AG D F G G D V L S 14 6 

G C C AGTTTG AATTT AATTTTAATT ACCTTG C ACG ACG CTGGT ATGTG C C AGT C AAAG ATC 

+ + H + 1- : + 568 

CGGTC AAA CTTAAATTAAAATTAATGGAACGTGCTGCG A CC ATA C A CGGTCAGTTTCTAG 

Q FEFNFNYLARRWYVPVK DL166 

TGCTGGGAATTTATGAGAAACTCTATGGTCGAGAAGTCATCACTGAAAATGTAATTGTTG 

j. h +— H + 628 

ACGACCCTTAAATACTCTTTGAGATACCAGCTCTTCAGTAGTGACTTTTACATTAACAAC 

LG I Y E KLYG REVITENV I VD186 

ATTGTTCACATATCCAGTTCTTAGAAATGTATGGTGAGATGCTAGCTGTTTCCAAGTTAT 

+ + - 4. h + + 688 

TAACAAGTGTATAGGTCAAGAATCTTTACATACCACTCTACGATCGACAAAGGTTCAATA 

C S H I Q F L E M Y G E M L AV S K L Y 206 

ATCCCTCTTACTCTACAAAGTCCCCGTTTTTGGTGGAACAATTCCAAGAGTATTTTCTTG 

H h 1 (-" + h 74 8 

TAGGGAGAATGAGATGTTTCAGGGGCAAAAACCACCTTGT^ 

P S YSTKS PF L VEQFQEY FLG 226 

GAGGACTGGATGATATGGCGTTTTGGTCCACTAATATTTACCATCTAACGAGCTTCATGT 

H + + 1- + + 808 

CTCCTGACCTACTATACCGCAmAAACCAGGTGATTATAAATGGTAGATTGCTCGAAGTACA 

GLDDMAFWS TNIYHLTS FML 246 

TGGAGAATGGGACCAGTGACTGCAGCCTACCTGAGAACCCTCTGTTCATTGCATGTGGTG 

+ + + + + + 8 68 

ACCTCTTACCCTGGTCACTGACGTCGGATGGACTCTTGGGAGACAAGTAACGTACACCAC 

E N G T S D C S L P E N P L. F I A C G G 266 

GCCAGCAAAACCACACCCAGGGCTCGAAAATGCAGAAAAATGATTTTCACAGAAATTTGA 

+ + + + + - + 928 

CGGTCGTTTTGGTGTGGGTCCCGAGCTTTTACGTCTTTTTACTAAAAGTGTCTTTAAACT 

QQNHTQGSKMQKNDFHRNLT 286 



BNSDOCID: <EP 0477739A2J_> 



32 



EP 0 477 739 A2 



FIG 9 (continued) 



CTTCATCCCTAACTGAAAACATTGACAGGAATATAAACTATACCGAAAGAGGAGTGTTCT 

+ + K + 1- 988 

GAAGTAGGGATTGACTTTTGTAACrrGTCCTTATATTTGATATGGCTTTCTCCTCACAAGA 

SSLTENIDRNINYTERGVFF 306 

TCAGTGTAAATTCCTGGACCCCGGATTCCATGTCC1TTATCTACAAGGCTTTGGAAAGGA 
+ + + h + + 104 8 

AGTCACATTTAAGGACCTGGGGCCTAAGGTACAGGAAATAGATGTTCCGAAACCTTTCCT 

SVNSWTPDS MSFI YKALERN 326 

ACGTAAGGACAATGTTCATAGGTGGCTCTCAGTTGTCACAGAAGCACATCTCTAGCCCCT 
+ + + h- + + 1108 

TGCATTCCTGTTACAAGTATCCACCGAGAGTCAACAGTGTCTTCGTGTAGAGATCGGGGA 

VRTMFI GG S QLSQKHIS SPL 346 

TAGCATCTTACTTCTTGTCATTTCCTTATGCAAGGCTTGGCTGGGCAATGACCTCAGCTG 

+ + ; H + K + 1168 

ATCGTAGAATGAAGAACAGTAAAGGAATACGTTCCGAACCGACCCGTTACTGGAGTCGAC 

AS Y FLS F P Y ARL GWAMTSAD 366 

ACCTCAACCAGGATGGGTACGGCGACCTCGTGGTGGGCGCACCAGGCTACAGCCGCCCTG 
+ + + + + . + 12 28 

TGGAGTTGGTCCTACCCATGCCGCTGGAGCACCACCCGCGTGGTCCGATGTCGGCGGGAC 

LNQDG YGDLVVGAPGYSRPG 386 
GCCGCATCCACATCGGGCGCGTGTACCTCATCTACGGCAATGAACTGGGTCTGCCGCCCG 

-f- 4- + 4- + + 1288 

CGGCGTAGGTGTAGCCCGCGCACATGGAGTAGATGCCGTTACTTGACCCAGACGGCGGGC 

RI H I G R VY L I YGNE L G LPPV 406 

TTGACCTGGACCTGGACAAGGAGGCCCACGGGATCCITGAAGGTTTCCAGCCCTCAGGTC 

— • + : 4- + + + + 1348 

AACTGGACCTGGACCTGTTCCTCCGGGTGCCCTAGGAACTTCCAAAGGTCGGGAGTCCAG 

DLDLDKEAHGILEGFQPSGR 426 

GGTTTGGCTCGGCCTTGGCTATGTTGGACTTTAACATGGATGGCGTGCCTGACCTGGCCG 
+ + -4- + + + 1408 

CCAAACCGAGCCGGAACCGATACAACCTGAAATTGTACCTACCGCACGGACTGGACCGGC 

F G S A L A M L D F NM DG V P D L A V 44 6 

TGGGAGCTCCCTCGGTGGGCTCTGAGCAGCTCACCTACAAAGGTGCTGTGTATGTCTACT 

+ 4- 1- + + 4- 14 68 

ACCCTCGAGGGAGCCACCCGAGACTCGTCGAGTGGATGTTTCCACGACACATACAGATGA 

GAPSVGSE Q LTYKGAVYVYF 466 
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FIG 9 ( continued 



*33E GTT C C AAAGAAGGAAG AATGT CTTCTT C C C CT AAC AT CA C C AT CTCTTG C CAGG A CA 
-- 1-- + + +: + + 152 8 

AJkCC^AGGTTTGTTCCTTCTTACAGAAGAAGGGGATTGTAGTGGTAGAGAACGGTCCTGT 

GSKQGRMSSSPNITISCQDI 486 

"iHJACTGTAACTTGGGCTGGACTCTCTTGGCTGCAGATGTGAATGGAGACAGTGAGCCCG 
+ + + + + + 1588 

aaCATGACATTGAACCCGACCTGAGAGAACCGACGTCTACACTTACCTCTGTCACTCGGGC 

Y C N L. GWT L L A A DV N G D S E P D 506 

wJOCTGGTCATTGGCTCCCCTTTTGCACCAGGTGGAGGGAAGCAGAAGGGAATTGTGGCTG 

— + + + + + + 1648 

^a^ACCAGTAACCGAGGGGAAAACGTGGTCCACCrCCCTTCGTCTTCCCTTAACACCGAC 

2- V I GS P FAPGGGKQKGIVAA 526 

CSTTT^ATTCTGGCCCCAGCCTGAGCAACAAAGAGAAACTGAACGTGGAGGCGGCCAACT 
+ + + + + + 1708 

CCAAAATAAGACCGGGGTCGGACTCGTTGTTTCTCTTTGACTTGCACCTCCGCCGGTTGA 

T Y S G PSLS^KEKL NVEAANW 546 



^CGGTGAGAGGCGAGGAAGACTTTGCCTGGTTTGGATACTCCCTTCACGGTGTCACTG 
+ + + + + h 1768 

EnTGCCACTCTCCGCTCCTTCTGAAACGGACCAAACCTATGAGGGAAGTGCCACAGTGAC 

TVRGEEDFAWFGYS L HG VT V 566 

TtEACAACAGAACCTTGCTGCTGGTTGGGAGCCCGACCTGGAAGAATGCCAGCAGGCTGG 

— " + + + + + + 18 2 8 

ACCTGTTGTCTTGGAACGACGACCj^CCGTCGGGCTGGACCTTCrTACGGTCGTCCGACC 

DNRTLLLVGS PTWKNASRLG 586 

EOTGTTTGTTACACATCCGAGATGAGAAAAAGAGCCTTGGGAGGGTGTATGGCTACTTCC 

— + + + + + + 1888 

£CGCAAACAATGTGTAGGCTCTACTCTTTTTCTCGGAACCCTCCCACATACCGATGAAGG 

.RLLHIRDEKKS LGRVYGYFP 606 

raCCAAACAGCCAAAGCTGGTTTACCATTGTTGGAGACAAGGCAATGGGGAAACTGGGTA 

1" + + + h + + 194 8 

CTGGTTTGTCGGTTTCGACCAAATGGTAACAACCTCTGTT^ 

PNSQSWFTIVGDKAMGKLGT 626 

C^TCCCTGTCCAGTGGCCACGTGCTGATGAATGGAACTCTGACCCAGGTGCTGCTGGTGG 

-+ + ~ + + + -+ 2 008 

GAAGGGACAGGTCACCGGTGCACGACTACTTACCTTGAGACTGGGTCCACGACGACCACC 

S LS S GHV LMNGTLTQVLLVG 646 
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FIG 9 ( continued ) 



GAGCCCCGACACGTGATGATGTGTCTAAGATGGCATTCCTGACCATGACCCTGCACCAAG 

+ + -+- + + + 2 068 

CTCGGGGCTGTGCACTACTACACAGATTCTACCGTAAGGACTGGTACTGGGACGTGGTTC 

A PT R D D VS KMAF LTMT L H Q G 666 

GCGGAGCCACTCGGATGTACGCGCTCACATCCGACCTGCAGCCACCGCTGCTCAGCACCT 
+ +— + + + + 2128 

CGCCTCGGTGAGCCTACATGCGCGAGTGTAGGCTGGACGTCGGTGGCGACGAGTCGTGGA 

GAT .RMYALTSDLQPPLLSTF 686 

TCAGCGGAGACCGCCGCTTCTCTCGATTTGGTGGCGTTCTGCACTTGAGTGACCTGGATG 

+: + + + + + 2188 

AGTCGCCTCTGGCGGCGAAGAGAGCTAAACCACCGCAAGACGTGAACTCACTGGACCTAC 

S G DRR FS R F G G V L H L SDL D D 706 

ATGATGGCGTAGATGAAATCATCGTGGCAGCCCCCCTGAGGATAGCAGATGTAACCTCTG 

+ + — h + + 2248 

TACTACCGCATCTACTTTAGTAGCACCGTCGGGGGGACTCCTATCGTCTACATTGGAGAC 

DGVDEIIV AAPLRIADVTS G 726 

GGCTGATTGGGGGAGAAGATGGCCGAGTTTATGTATATAATGGCAAAGAGACCACCCTTG 

+ + -h + + + 2 3 08 

CCGACTAACCCCCTCTTCTACCGGCTCZAAATACATATATTACCGTTTCTCTGGTGGGAAC 

LIGGEDGRVYVYNGKETTLG 746 

GTGACATGACTGGCAAATGCAAATCGTGGATGACTCCATGTCCAGAAGAAAAGGCCCAAT 
+ + + + + + 2 3 68 

CACTGTACTGACCGTTTACGTTTAGCACC^ACTGAGGTACAGGTCTTCTTTTCCGGGTTA 

DMTGKCKSWMTPCPEEKAQY 766 
ATGTATTGATTTCTCCTGAAGCCAGCTCAAGGTTTGGGAGCrCCCT 

+ + + K + h 2428 

TACATAACTAAAGAGGACTTCGGTCGAGTTCCAAACCCTCGAGGGACTAGTGGCACTCCA 

VLI SPEASSRFGSSLITVR S 786 

CCAAGGCAAAGAATCAAGTCGTCATTGCCGCTGGAAGGAGCTCTTTGGGAGCCCGACTeT 

— + + + + + + 2 488 

GGTTCCGTTTCTTAGTTCAGCAGTAACGGCGACCTTCCTCGAGAAACCCTCGGGCTGAGA 

KAKNQVVIAAGRSSLGARLS 806 

CCGGGGCACTTCACGTCTATAGCCTTGGCTCAGATTGA 

+ + 2526 

GGCCCCGTGAAGTGCAGATATCGGAACCGAGTCTAACT 
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FIG 10 



Alignment of d'e<j "«r^ H *™ ino acid sequence of 
Human and Bovine Liver GPI-Phosphol ipase D 

-24 25 

Bovine MSAFRFWSGL LMLL. GFLCP RSSP.CGIST HIEIGHRALE FLHLQDGSIN 

Human MSAFRLWPGL LMIVMASLCH RGSS . CGLST HIEIGHRALE FLHLHNGHVN 

MSAFR.W.GL LM LC. R.S. .CG.ST „HIEIGHRALE FLHL. .G..N 

26 75 

Bovine YKELLLRHQD AYQAGSVFPD SFYPSICERG QFHDVSESTH WTPFLNASVH 

Human YKELLLEHQD AYQAGTVFPD CFYPSLCKGG KFHDVSESTH WTPFLNASVH 

YKELLL.HQD AYQAG.VFPD . FYPS . C . . G . FHDVSESTH WTPFLNASVH 

76 125 

Bovine YIRKNYPLPW DEDTEKLVAF LFGITSHMVA DVNWHSLGIE QGFLRTMAAI 

Human YIRENYPLPW EKDTEKLVAF LFGITSHMVA DVSWHSLGIE QGFLRTMGAI 

YIR.NYPLPW . . DTEKLVAF LFGITSHMVA DV.WHSLGIE QGFLRTM.AI 



126 

Bovine DFHNSYPEAH PAGDFGGDVL SQFEFKFNYL 
Human DFHGSYSEAH SAGDFGGDVL SQFEFNFNYL 

DFH.SY.EAH . AGDFGGDVL SQFEF.FNYL 

176 

Bovine RIVITKKAIV DCSYLQFLEV YAEMLAISKL 

Human REVITENVIV DCSHIQFLEM YGEMLAVSKL 

R . VIT • . . IV DCS . . QFLE . Y • EMLA . SKL 

2 2 6 

Bovine GGLEDMAFWS TNIYHLTSYM LKNGTSNCNL 

Human GGLDDMAFWS TNIYHLTSFM LENGTSDCSL 

GGL.DMAFWS TNIYHLTS.M L.NGTS.C.L 

276 

Bovine VQKNGFHKNV TAALTKNIGK H IN YTKRGVF 
Human MQKNDFHRJNL TSSLTENIDR NINYTERGVF 
.QKN.FH.N. T..LT.NI.. • INYT . RGVF 



175 

SRHWYVPAED LLGIYRELYG 
ARRWYVPVKD LLGIYEKLYG 
. R. WYVP . . D LLGIY..LYG 



YPTYSVKSPF 
YPSYSTKSPF 
YP. YS^KSPF 



PENPLFITCG 
PENPLFIACG 
PENPLFI , CG 



FSVDSWTMDS 
FSVNSWTPDS 
FS V . SWT . DS 



225 

LVEQFQEYFL 
LVEQFQEYFL 
LVEQFQEYFL 

275 

GQQNNTHGSK 
GQQNHTQGSK 
GQQN. T.GSK 

325 

LSFMYKSLER 
MSFIYKALER 
. SF. YK.LER 



326 

Bovine SIREMFIGSS Q.PLTHVSSP AASYYLSFPY 

Human NVRTMFIGGS QLSQKHISSP LASYFLSFPY 

. .R.MFIG.S Q.**.H.SSP . ASY . LSFPY 

376 

Bovine WGAPGYSHP GRIHVGRVYL IYGNDLGLPR 

Human WGAPGYSRP GRIHIGRVYL IYGNELGLPP 

WGAPGYS.P GRIH • GRVYL IYGN. LGLP. 



TRLGWAMTSA 
ARLGWAMTSA 
. RLGWAMTS A 



IDLDLDKEAH 
VDLDLDKEAH 
• DLDLDKEAH 



375 

DLNQDGYGDL 
DLNQDGYGDL 
DLNQDGYGDL 

425 

GILEGFQPSG 
GILEGFQPSG 
GILEGFQPSG 



BNSDOCID: <EP 0477739A2J_> 



36 



EP 0 477 739 A2 



FIG 10 



( con t mued 



426 475 

Bovine RFGSAVAVLD FNVDGVPDLA VGAPSVGSEK LTYTGAVYVY FGSKQGQLSS 

Human RFGSALAMLD FNMDGVPDLA VGAPSVGSEQ LTYKGAVYVY FGSKQGRMSS 

RFGSA.A.LD FN . DGVPDLA VGAPSVGSE. LTY . GAVYVY FGSKQG. .SS 

476 525 

Bovine SPNVTISCQD TYCNLGWTLL AADVNGDSEP DLVIGSPFAP GGGKQKGIVA 

Human SPNITISCQD IYCNLGWTLL AADVNGDSEP DLVIGSPFAP GGGKQKGIVA 

SPN.TISCQD .YCNLGWTLL AADVNGDSEP DLVIGSPFAP GGGKQKGIVA 

526 575 

Bovine AFYSGSSYSS REKLNVEAAN WMVKGEEDFA WLGYSLHGVN VNNRTLLLAG 

Human AFYSGPSLSN KEKLNVEAAN WTVRGEEDFA WFGYSLHGVT VDNRTLLLVG 

AFYSG. S.S. . EKLNVEAAN W. V. GEEDFA W. GYSLHGV . V , NRTLLL . G 

576 625 

Bovine SPTWKDTSSQ GHLFRTRDEK QSPGRVYGYF PPICQSWFTI SGDKAMGKLG 

Human SPTWKNASRL GRLLHIRDEK KSLGRVYGYF PPNSQSWFTI VGDKAMGKLG 

SPTWK. .S.. G . L. • . RDEK . S . GRVYGYF PP. . QSWFTI . GDKAMGKLG 



626 

Bovine TSLSSGHVMV NGTRTQVLLV 
Human TSLSSGHVLM NGTLTQVLLV 

TSLSSGHV.. NGT.TQVLLV 

676 

Bovine PDSQPSLLST FSGNRRFSRF 
Human SDLQPPLLST FSGDRRFSRF 

• D.QP.LLST FSG.RRFSRF 



675 

GAPTQDWSK VSFLTMTLHQ GGSTRMYELT 
GAPTRDDVSK MAFLTMTLHQ GGATRMYALT 
GAPT.D.VSK ..FLTMTLHQ GG. TRMY.LT 

725 

GGVLHLSDLD NDGLDEIIVA APLRITDATA 
GGVLHLSDLD DDGVDEIIVA APLRIADVTS 
GGVLHLSDLD .DG.DEIIVA APLRI . D . T . 



726 

Bovine GLMGEEDGRV YVFNGKQITV 

Human GLIGGEDGRV YVYNGKETTL 

GL.G.EDGRV YV. NGK. • T . 

776 

Bovine , RFGSSVITVR SKEKNQVIIA 

Human RFGSSLITVR SKAKNQWIA 

RFGSS.ITVR SK.KNQV.IA 



775 

GDVTGKCKSW VTPCPEEKAQ YVLISPEAGS 
GDMTGKCKSW MTPCPEEKAQ YVLISPEASS 
GD.TGKCKSW . TPCPEEKAQ YVLISPEA.S 

817 

AGRSSLGARL SGVLHIYRLG QD* 
AGRSSLGARL SGALHVYSLG SD* 
AGRSSLGARL SG. LH.Y.LG . D* 
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FIG 11 



The Nucleotide Sequence and Amino Acid Sequence of the Human 
Pancreatic Glycosyl Phosphatidyl Inositol Specific-Phospholipase D. 

1 GACAGTGAACCCGATCTGGTCATCGGCTCCCCTTTTGCACCAGGTGGAG3GAAGCAGAAG 60 

1 Asp£erGlu=roAspLeuValIle61ySerFroPheAUProGl yGl yGl yLysbl nLys 20 

6 1 EGAATTGTGGCTGCGTTTTATTCTGGCCCCAGCCTGAGCGACAAAGAAAAACTGAACGTG : 20 

21 Gl y 1 1 =Val A 1 aAl aPheTyrSerGl yFroSerLeuSer AsoLysGl u LysL9uA = nVcl 40 

121 GAGG2AGCCAAC7GGACG3TGAGAGGCGAGGAAGACTTCTu2TGGTTTGGA7A7TCCCTT ISO 

41 GluAl aAl aAsnTr pThrVal Ar gGl yGl uGl uAspPhsSer Tr pF'heGl y i yrSer 60 

1B1 CAC53TGTCACTGTGGACAACAGAACCTTGCTGTTGGTTGGGAGCC23ACCTGGAAGAAT 
6 1 Hi sGl yVaiThrVal AsaAsnArgThrLeuLeuLeu^alGl ySe.-Frc i hr TrpLy sAsn 



240 
£0 



30C 
ICO 



GCCAG2AG327G3G3CATTTGT7ACACATCCGAGA i GAGAAAAAG AG32 * . Gc3AGG- , - 

61 Ala5arArgL='jGl yni sLeuLeuHi s 1 1 eArg AspGl uLysLys SerUeuGl yArgVal 

301 TATGGCTAC7T223ACCAAACGGC2AAAGCTGGTTTACCATTTCTGGAGAC AAGGCAATG 360 

lOl TyrGl yTyrr^ePr aProAsnGl yGl nSerTr pPheThr II aSerGl yAspLy 5 Al sr.fi t 120 

361 GGGAAACTG3G7 ACTTC2CTTTCCAGTG5TCACG7ACTGATGAATGGGACTCTGAAACAA 420 

121 Gl yLysLeuG 1 y ThrSerLeuSerSerol yHi sVaiLeui s, .etAsnGl yThrLs^LysGln 1 40 

421 GTGCTGCTGGTTGGAGC2CCTACGTACGATGACGTGTCTAAGGTGG2ATTCCTGACCGTG 4SO 

141 ValLsuLeuVal Gl yAl aProThr Tyr AspAspVal SerLysVal Al aPheLeu i hrVal 160 

4B1 ACCCTACACCAAGGCGGAGCCACTCGCGTGTACGCACTCATATCTGACGC3CAGCCTCTG S4C 

161 ThrLeuHisclnGlyGlyAlaThrArgValTyrAlaLeuIlsSsrAspAi aGlnProLs-J ISO 

54 1 CTGCTCAGCACCTTCAGCGGAGACCGCCGCTTCTCCCGATTTGGTGG35TTCTG2ACTTG 600 

181 LeuLBuSerThrPhe£erGlyAspArgArgPheSerArgPheGly51yValLecHisL2u 20O 

601 AGTGACCTGGATGATGATGGCTTAGATGAAATCATCATGGCAG32CCCCTGAGGATAGCA 660 

201 SerAspLeuAspAspAspGlyLeuAspGluIlellefletAlaAUProLeuArgUeAla --O 

661 GATGTAACCTCTGG ACTGATTGGGG3AGAAGACGGCCGAGTATATGTATAT AATG3CAAA 720 

221 AspValThrSerGl yLeuIl eGl yGl yGl uAspGl yArgVal TyrVal Tyr AsnGi yl_ys 

721 GAGACCACCCTTGGTGACATGACTGGCAAATGCAAATCATG2ATAACTCCATGTCCAGAA 790 

24 1 Gl uThr ThrLeuGl yAspHetThrGl yLysCysLysSer Trp 1 1 e i hrPrOLysrroGlu -i60 

7ei GAAAAGGCGCAATATGTATTGATTTCTCCTGAAGCCAGCTCAAGGTTTGGGAG3T22CTC £40 

26 1 GluLysAl aG 1 nTyrVal Leu 1 1 eSerProGl uAl aaer Sar Ar gPheGl ySerSerLsu — ° 

84 1 ATCACCGTGAGGTCCAAGGCAAAG AACCAAGTCGTCATTGCTGCTGGAAGGAGTT CTTTG 90O 

281 IleThrValArgSerLysAlaLysAsnGlnValVallleAlaAUGlyArgSerSerLaa wOO 

90 1 GGAGCCCGACTCTCCGGGGCACTTCACGTCTATAGCCTTGGCTCAGATTGAAGATTTCAC 960 

30 1 Gl yAl aArcLeuSerGlyAl sLeuHi sVal TyrSerLeuGl ySerAsp 

96 1 . TGCATTTCCCCACTCTGCCCACCTCTCTCATGCTGAATCACATCCATGGTGAGCATTTTG 1020 

1 02 1 ATGGACA AA6TGGCACATCC AGTGGAGCGGTGGTAGATCCTGATAGACATGGGGCTCCTG 1 CSO 

1 08 1 GGA3T AGAGA6ACACACTAACAGCCACACCCTCTGG AAATCTGATAC AGTA AATATATG A 1 1 40 

114 1 CTACACCAGAAATATGTGAAATAGCAGACATTCTGCTTACTCATGTCTCCTTCCACAGTT 1 200 

1 20 1 TACTTCCTCGCTCCCTTTGCATCTAAACCTTTCTTCTTTCCCAACTTATTGCCTGTAGTC 1260 
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FIG 5 



N*t Mr Al* /ha An pfc* f if-^ i»r> Qiy t w HA 

(XATTCCTCGTCACCAIACCACCGGCCACTAATCACACC ATC TCT OCT tTC AAA TTC T« JCA Ctt CTC A? 

L*w Mrt L«u Ito Cly Pti* l*u Cyi Jr* Am Sw I«r pr^Cy* cly tU *-r TJir Jit* II* 7 
CTB ATC CTA CTC CSC T7C CTC TCC CTT ACA ACT TCA CtA TCT CCC ATT TCtI ACA CAC ATA 12* 

Clw lit Cly «f> Art Al- Ltu Clu L«u NT* l*u Aw Cly **r {(» A*n Tyr ty*- 27 

UA ATA CCA CAC ACA CCI CTC 4*4 TTT CTC CAC CTT GAG CAT CCC ACT ATT AAC TAC iU 199 

Gtu LM Liu Ar< Iti ■ Ctn A** ALt Tyr Gin ALl Cly S*r V*i Mvj Pro Aftp t«r Pit* A? 

GAC CTQ TTA CTT AE» CAC CAC CCA TAt CAE CCT CCA TCC ttTC TTT CCT 4*C TCA tTT 2(9 

Tyr Pr-o £* r tit Cyi Ctu An Clf flirt fh» H1» Aip V*| $4r tilti S*r Hv Kit Trp Nvr *7 
TAC CCT ACC Arc TCT CA£ ACA CCA CAA TTC CAT CAC ffTQ TCA CAC ACC ACT CAC TCC ACT 

Pro j*o lou JUn All I a{* Tyr I U Ar» Ly< A«n Tyr Pro Lou J-ns Trp A*p Clu 17 

CCA TTT CTT AAC CCA ACT CTT CAT TAT ATC CCC A*« AAt TAT OCT CTT CCC TCC CAT CAC W 

A*o Thr IlLu Ly» Lni V*l All Pti* Lfu Plu Cly (U Thr tor If 4 Mt V*l Al* Aip^il 107 

CAC ACA CAC AAA 1TC CIA l*T TTC tTC TTT dU ATT ACS TCT CAC ATC CTG CCT CAT CTC W 

A*n Trp Hii hr ttu Cly El* Clu Gin CLy koy An Thr mt AC* AU (It Aip PA* 127 

AAC TCC CAT ACC CTC OCT ATT CAA CAA TTC CTT ACQ ACC ATC CCT CCC ATT CAT TTT AJJ 

Nil A*n- 5*r Tyr rr« clu AU if* rr* M« <]ly A«p Phi flty clr A^p v*l L*u S+r BCji H7 
UC Ttt TAf CCC LAG CCA CAT CCQ CCT CCT CAT TTC MA ttQA CAt flte TTCP UC tA4 

?r>* Clu fh* Ln ^14 Amn Tyr Ltu *4r Arfi HEi Trp Tyr V»l ffu AU tilu >»p L«m L«u ^7 

TTC 6Ad TTT AAA ITT AAT TAC CTC TCA CSS CAC T&S TAT BTft CCT CCT CAA CAT CTC CTtt 409 

«ty T(» Tyr Arp tflu t*u Tyr cly An lt» V*l It* Thf tyi ly» All I L« V»l Ajp Cyi 1*7 

HQ* ATT TAT ACA CAA CTC TAC OA ATI «TC ATC ACC AAA AAA CCC ATT CTT -CAC TCT At* 

Itr Tyr Lm 4ln Phm C(u Tyr AC* Clu K*t Lmi Ala It* ft^- Lys tvu Tyr »n> 297 

TCA TAC CTT UA TTC TTC CAA AJtt TAT CCC CAC A US TTA ^Tf ATT 1<X AA.4 CTT TAf CCC 729 

TKr Tyr 5»r VAi Ly* ^ rfi* Lw Vi( itu CLn rh* Cln Clu Tyr Ptic Iru Cly CLy 3^7 

ACT TAT TCT <1TA AAA TCC CCA ITT TTC CTC CAA CAA ITT CM AAA TAC TTC CTA CCA SKI 7S9 

l«J Ctu «et Ala Mt* Tt Tt| r A»n It* Tyr Hti L*%J Tin* Tyi^ M.t ty« 2*7 

CTC CAA CAT >t4 CCd TTT TM TCC ACT AAT ATT TAC CAT CTO ACA A«T TAC A I'd FfA M? $4? 

Ain Cly T3u- Xtr Atn Cy< Avn L«v Pru 51 u A«n Pro Lw Pbt |l« TKi» Cyi Cly Cly CM W/ 

AAC CC4J ACC AH AAC ICC WX CTC CCT GAG MC CCT CtO TTC ATC ACA TCT CCC CCT CAA 909 

Clu A*n A*n Thr Hti cly *«t iyi Val CCn Lyi M« <Hy Ph* ill Lyi Am V.l Ttr Al* 

&U AAC AAC ACC CAT CGC TCA AAA CTA CM AAA AAT CCT TTT CAT AAA AAT <TC ACT CCA 9» 

Ala l*j Ttir tyi A*n tl* Cty ty« IU Hi Aw lyr TNr Lyi Arg Cly V*l Ptv* Pf>r **r 307 

KC CTA ACT AAA AAT ATT 06A AA3 CAT ATA AAC TAT ACC AAA ACA C&A fiTi TTC TTT ACT 1QS9 

Vi| A«p Mr Trp Thr 3Ut Atp Pha l*v S«r Pk» Krt Tyr Lyi C^r L*u Clu Apj lU Xt7 

CAT TCC TCC ACC AT$ CAT TCt TTA TCC TTC ATC TAC AAC TCT "0 CAC ACC ACT ATA Id* 

Ar* Clu K*t Phm II* Cty 5«r «*r (In Pro l*u T»i^ «l« V*l Ur t*r rr* AU Al« Ut &7 

QC4 CA4 A1B ITT ATT CCC A4C TCT CAC CCA CtC ACA CAT CTT TCT ACC CCC CCA CCA 1CT TU9 

Tyr Tyr 1«j Pro tyr Tlir An ito Ctv Tra Aim tCmt thr jar »U jUp l«^ A*m MT 

TAC TAC TW 1CA TTT CCC TAC ACA ACC CTT C4T TOO PGA AT-Q ACT TCA CCT «J CTC AAC r 1209 

^fl Ctv__Tyr flW A>c »iL VjI filv A1j Pro Cly Tyr $4r fU Pro 6ly A^l tlo 3*7 

CAQ CAT <KLA tAC CCT CAC CTC CTC CTC CCT Ctt tCl Q0C TAC ACC CAC CCA OOC OC ATT 1W 

nil V*t Cly KCm Ul Tyr t«u ll* tyr Cty Aaa A^) l*v CBy L*w Pro Arp ] C* A*o 4.n A 97 

CAC CTC CCC tZC CTC TAC CTC ATC TAT CGC AAT AAC -CTQ 4CC TTO CCC CCt At£ 4AC CT4 tJ» 

AAp AKi Lr» Civ At* Kit Cly Xl» Lou Clu Cty *i* Ctfl Ur Cly An rlw Clr iZT 

CAC CTC CAC AAtt CAQ CCC CAC CCC A1C CTJ CAC Cot TTC tJUt CCC TCA GOT CCA ITT CCC 13*9 
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FIG 9 



frUiclfeofcidft s<i<TueTtce and dgducad amino a cid sequence .of 
Human Liv *g GFT-Fhosphol lpase D cDflA 

1 

gCAgtaatctectcggccacGCCttactcts^ 

-24 

MSAFRLWPGL -15 
TGCTGATGATCGTGATGGCTTCTCTCTCCCATAGAGGTTCA^ 

K (. + . + h ^--~h BB 

ACGACTACTAGCACTACCGAAGAGAGACGGTATCTCCAAGTAGCACACCCGAAAGTTGCG 

+ 1 

LKIVKASLCHUGSS C G L S T H +<S 
ACATAGAAATTOGACAC^GAGCTCTGGAGTTTCTTCATCTC 

+ + < K y + 148 

TCTATCTTTAGCCTGTGTCTCGAGACCTCAAAGAAGTAGAAGTCTrACCCGTAGAATTGA 

I E I G H R A L- E F L H L H K G H V N Y 26 

A CAAA GA G CT G TTA C T AGAA CA C C A G G ATG CATAT CA GG<7TGGAAC CGTGT CCTGATT 

+ K H + 20B 

TGTTTCTCGACAATGATCTTGTGGT^CTACGTAfAGTCCGACCTTGGCACAAAGGACTAA 

K E L L L E H Q 0 A Y Q A G T V T P D C 46 

GTTTTTA C CCTAG C CTCTG CAAAGGA G GAAAATTC CAT G A T G TOT CT G AG AG CA CT C ACT 

+ -t- ■+ ■+-- 4 * 2 6$ 

CAAAAATGGGATCGGAGACGT!TTCCTCCro 

5 Y P S L C KGGKFHDV S E S T H W &6 
GGACl^WTTTCT^AACGCAAGCGTT*^ 

+ + ^ - 4- : — +• 3 23 

CCrrGAGGCSU^GAATTTGCGTTCGC^^GTAATA 

T P T L N A S V H Y I R E N V F I, F tt E 66 

A GAA G G A C A C AG AG AAACTGCTA G CT'T'TCTTG TTTGG AA TT ACTT CT CAT ATGGTA G CAG 
^ + h -f 4- + - + 398 

tcttcctctctctctttcaccatcgaaagaacaaaccttaatgaagagtataccatcgtc 

K D T E K L V X F L F G I T S H M V A D 106 
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PIG 9 '! C- x -i n o. f?cl ) 



atgtcagctggc^tautctsm ^ 
tjw^gtcgaccgtatcagacccgtaacttgttcctaa 

V S W H S !• G I E : 0 G F L ft T M G A I D 126 
AXTTTCAC{toCTCCTA^CTGAGGCTCATTCAGCTGGTG^ 

T AAAAGTGCCG AGGAT AAGACTCCOAGTAAGTCG AC C ACT AAAAC CTCCTCTACACAACT 

F H C S V S * A H S A G D F G G D V L. S 14 6 

GCCAGT^fTGAATTTAA^TTTAAT^ACCTTGCACGACGCTGGTATGTGCCAG'TCAAAGATC 

_ „^_^ - - — — ~ — — 4— — ~ — - — ^— — + 5fia 

CGG? CAAACTTAAATT AAAATT AATGGAACGTG CTO CGACC ATACACGGTCAGTTTCT AG 

a F E- F N F N V L A RR-WYVPVKDL 166 
TCCTGGGAATTTATGAGAAACTCTATGGTCGAG ^ . - 

ACGACCCTTTAAATACTCriTCAGATACCAGCT 

L G I Y E K L Y G R E V 1 T E K V I V 0 IBS : 

ATTGTTCACATATCCAGTTCMAGAAATGTATGGTGAGATGCTAGCTG-TTTCCAAG1TAT 

^ + H ; — - + 633 

T AAC AA G 1*0 TATA G G T CAAG AAT CTTT A C ATA C CA CT CTAOGATCG A CAAAG4JTT CAAT A 

CSHI CF.LEMY-GEHLA VSKLY 206 
ATCGCTCTT ACTCTACAAAGTCCCCGTTTr*GGTGG AACAATCCC AAGAGT ATTI^CT"rG 
TAGGGAGAATGAGATGTTTCAWGGCAAA^^ 

P5YSTKS"PFLVEQFQEY?LG22« 

G AGG ACTGG ATGATATGG CGTTTTGGTCCAC? AATATTT ACC ATCT AACGAGCTTCATGT 

„ + + ~+ + * h — *■ eoa 

ctcctgacctactataccgcaaaaccaggtgattataaatggtagattgctcgaagtaca 

G L DDK A F W S T K I Y K L T E F M L 246 

rGGAGAATGGGACCAGTGACTGCAGCCTACC'MAGAACCCTCTGl^CATrGCATGTGGTG 

w ^ K I. ^ *. 4— 1 — — H £6fl 

AC CTCTTACCCTGGTCACTGACGTCGGATGGACTCTrtHWAGA 



E 



NGTSDCSLPE NPLFIACGG 266 



GCCAGOUU^CCACJVCCCAGWSCT^ 

C G GT C GTTTTGG T G TGGGT C C CGAG CmTAOGTCT^TTTT A CTAAAAG TGT CTTTAAACT 

QQWHTQGS KKQKHOFHRNLT 2S6 
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dT CAT C C CTAA CTGAAAA CATTG A CAGGAATATAAACTATAC C GAAAG A CG AGT C 7TCT 

— — + + , + k + 1 988 . 

GAAGTAGGGAOTGACTrTTrTGTAACTGTCCTTAT^ 

SSLTEHICRtflMTPTERGVPF 306 
TCAGTGTAAATTCCTCGACCCCGGATTCCATGTCCTTTATC^ 

- — + j- + 1048 

AGTCACATTTAAGCACCTGGGGCCTAAGGTACACGAAATAGATGTTCCGAAACCTTTCCT 

S VMS W T P D S M S F I Y K A L E R M 2,26 

ACGTAAGGAClAATGTTCATAGGTGGCTCrCA^ 

— + H — — ■+ 110 8 

TCCATTCCTGTTACAAGTATCCACCGAGAGTCAACAGTGTCTTCGTGTAGAGATCCGGGA 

VRTMFIGGSQLSQKHIS'SPL 3-4* 

TAGCATCTTACTTCTTGTCATTTCCTTAT 
: — + — K — l— + — + 1168 

atc^tagaatgaagaacagtaaaggaatacgttccgaacc^acccgttactggagtcgac 

as y f r, s f p .y a r lgwaktsa d 36* 
acctcaaccaggatgggtacggcgacctcgiggtcggcccaccagcctacagccgccctc 

4 h ■+' 

TGGAGTTGGTCCTAGCCATGCCGCTrGGAGCACCACCOGCGTGGTCCCATGTCGGCGGGAC 

Q DG Y G DiVV*GAPGYS RPG 386 

GCCGCATCCACATCGGGCGCGTGTAGCTC^TCTACGGCJUlTGAACrGGGTCTGCCCCCCG 

CCGCGTAGGTGTAGCCCGCGCACATGGAGTAGATGCCGTTACTTGACCCAGACGGCGGGC 

R I H I G RVY L IYGNE L G LP PV 406 

TTGACCTGGACCTGGACAAGGAGGCCCACGGGATCCTTGAAGG'ITTrGCAGCCCTCAGGTC 
-k ^ ■+ -^_+ + K 1343 

AACTGGACCTGGACCTGTTCCTCCGGGTGCCCTAGGAACTTCCAAAGGTCGGGAGTCCAG 

D LD L DK EA HG I L £ G F Q PSGR 426 

GGTTTGGCTCGGCCTTGGCTATGTTGGACTTTAACATGGATGGCGTGCCTGACCTGGCCG 

— h -h — -f h-~~ > + ■+ 1409 

ccaaaccgagccggaaccgatacaacctgaaattgtacctacggcagggactggaccggc 

fgsa lamldfnhdgvpdlav 446 
tgggagctccctoggtgggctctgagcagctcacctacaam 

± +- 1- + + + 146B 

accctcgagggagccacccgagactcgtcgagtggatgttttccacgacacatacagatga 
gapsvgseoltyygavyvyf 466 
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FIG 9 



— + ■+ h +■ + 

*»E CAAG G T TTGTT C CT T CTT A CAG AAG AAGGCG ATTGT A G TG G T AG AG AA CGGT CCTGT 

SS .KQGRMSSSFlfXTISCQDl 486 

•a^ACTTGTAACrrTGGGCTGGACTCTCTTM 

— — — ^-h-^— K % + ~+ K 138 8 

jyttrGACATTGAACCCGACCTGAGAGAACCCACGTCTACAC^A 

JfCWLGWTLLAADVKGDSEPn &06 

jaECTGGTCATTGGCTCCCCTTTTCCACC^ 

— 4— + «+ 1- — — h i$4e 

3S4£ACCAGTAACCGAGGGGAAAACCVrGGTCCACC7r^ 

-LVIGSPPAP06GKQKGIVAA =-26 



TTTAT^^TGGCCCCAGCCTGAGCAACAAAGAGAAACTGAACGTGGAGGCGGCCAAC^ 

— — k 4 k -f*« h ~+ 17 OB 

SGAAAATAAGAC COG G G TCG G A CT CGTTGTTT CT CT1T1' GA CTTG CA C CT C CG C CGG TT G A 

IF Y S GPS L$ffXEKLNV2AANW54 6 

WGGTGAGAGGCGAGGAAGACTTTGCCTrGGTTTGG^ 



176B 



nTTGCCACrrCTCCGCTCCTTCTGA^CGGACCAAACCTATGAGGGAAGTGCCACAGTGAC 

TVRGE ED F A W F G Y S LHGVTV 566 

"!^GACAACAGAACCTTGCTGCTGGTTGGGAGCCCGACCTGGAAGA 

+ + K k + + 1326 

ACCTGTTGTCITGGAAGGACGACCAACCCTCGGGCTGGACCTTCTTACGGTOGTCCGACC 

DKRTLIjLVGS PTWRMASH L G 53 6 
GETCGTTTGTTACACATCCGAGATGAGAAAAAGAGCCTTX^ 
r^CAAACAATGTGTAGGCTCTACTCTTI^ 

X. LCJflRDEKKfi LGAVYGYFP 506 
t^CAAACAGCCAAAGCTGGTTTACCATTGTTGGAGAC^ 

H + h + « + 1948 

CTGGTTTCTCGGTTTCGACCAAATGGTAACAACCTCTG 

PNSQSWFTIV G DKAHGKLGT 626 
UTTCCCTGTCCAGTGGCCACGTGCTGATGAATGGAACT 
GAAGWACAGGTC^CCGGTGCACGACTACTTACCTTGAGACT 

B LS SGHViKMGTLTQVLLVG 646 
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G AGCC CCG ACACGTGATG ATGTGTCTAAGA'T GGCATTCCTG AC CATGACCCTGC ACCAAG 

^ — + 4 — K + — 4 2068 

CTCGGGGCTGTGCLACTACTACACAGATTCTACCG^ 

A P T R D 0 V S K K A F L T M T L H Q G 656 

GCGGAGCCACT^CGGATGTACGCGCTCACATCCGACCTGCAGCCACCGCTGCTCAGCACCT 
1_ + k ► — + — + ■+ 2128 

CGCCTCGGTG AGCCTACATGCG CGAGTGTAGG CTGG ACGTCGGTGGCGACG AGTCGTGG A 

GATRMYALTSD LQPPLLSr r 636 
TCAGCGGAGACCGCCGCTTCTCTCGATTTGGTGGCGTTCro 

4 -K H- + 4 + 2X88 

AGTCGCCTCTGGOGGCGAAGAGAGCTAAACCACCGCAAGACGTGAACTCACTGGACCTAC 

SG DRRFS RFGGVLHLSD LCD 706 

ATGATGGCGTAGATGAAATCATCGTCSGCAGCGCCCCTGAGGATAGCAGATGTAACCTCTG 

+ ^ h —I ■+ 1- 224£ 

TACTACCGCATC^ACTTTAGTAGCACCGTCGGGGGGACTCCTATCGTCTACATTGGAGAO 

DGVDE I I V A A F L R I A D V T S C. 726 

GGCTGATT<^GGGAGAAGATGGCCGAGTTTATGTATATAArGGCAAAGAGACCACCCTTG 

- 1 H H -f 4 230fl 

CCGACTAACCCCCTCTTCTACCGGCTCAAATACATA^ 

LlGGEDGRVyv^KCK BTTLG 746 

GTG A CA TGA CTG G CAAATC CAAATCG TGGA TG ACTC CA TG T CC AG AAG AAAAG G CCC AAT 

K -h-, H- 2368 

CA CTGT ACT G A C CGTTTACGTTTAGCAC C7TACTG AGGTACA G G T C*TT CTTTT C COG G TTA 

DMTGKCKSWKTPCPEEKAQ-Y 766 

ATGTATTGATTTCTCCTGAAGCCAGCTCAAGGTTTGGGAGC^ 

4- 1- 1 h h 1- 2428 

TACATAACTAAAGAGGACrTOMTOTAGTTCCAAACCCTCGA GGGACTAGTGGCACTCCA 

V ' L X S P EA S 5 R PG S S L2 T VAfi 796 

ccaaggcaaagaatcaagtcgtcattgccgctggaagg^ 

— — + — K h — < 4 4 2488 

&GTTCCGTTMTrrAGTTCACCACTAA<^ 

KAKHQVVlAAGRSSLGAR Lfi B06 

ccggggcacttcacgtctatagcctpggctcagattga 
ggccccgtgaagtgcagatatcggaaccgagtctaact 6 
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FIG 10 



Alignment of ^edti^ad amino acid seatience of 
Human and Bovine LJ-Vgr GPI-P^O^T?ht>j.jjpag^ D 



-24 25 

Bovine MSAFRFWSGL LMLL.GFIjCP RSSP,CGIST HIEIGHRALE Ft-RLQDGSIH 

Human MBAFRLWPGL LMIVMASIjCH RGS3,CGLST HlEIGHRALE FLHLHKGKVH 

tfSAFR. W* GL L« LC- HIEXGHRALE FUH.-.G..M 

2S 75 

EavtnG YKELLLRKQD AYQAGSVFFD SFYPSICEHG QFHDVSESTH WTFFLMASVH 

Hixpart YKEULLEHQD AYQAGTVPFD CFYFSLCXGG KFHDVSESTH WTPFTLliASVH 

YKELLL* HQD AYQAG.VFFD *FYPS.C-.G - FKDVSESTH WTFFLNAEVH 

7ft 125 

Bovi.ri£ YIRKNYPLPW DEDTEKLVAF L.FG IT5HMVA DVKWJJSLGIE QGFLRTKAAI 

Human YXRENYPLPW EKDTEKLVAF UGITSKMVA DVSWHSIpGXS ■ QGFLRTKGAJ 

YIR.NYPLFW ♦ .DTEKLVAF JLFGITSHMVA DV + WHSLGTE QGFLRTH.AI 

126 175 

Bovine DFHNSYFEAH FAGDFGGDVL SQFEFKFttYL SRHWYVPASD LLGXYRELYG 

Human DFHGSYSEAH SAGDFGGDVT, SQFEFMFNYL- ARRWYVPVTCD LLGIYEXUYG 

DFH.EY.EAH . AGDFGGDVX SQFEF.FKYL . R.WYVP*-D LLGTY- - LYG 

176 225 

Bovine RIVITKKAIV DCSYLQFLEV YAEMIAIBXL. YPTYSVKSPF LVEQFQEYFL 

Huwan REVITENVIV DCSHIQFLEH YG EM LAVS XL YPSYSTKSPF LVEQFQEYFL 

R.VIT...IV DCS . - QFLE . Y.EHLA.fiKL YP*YS.XSPF LVEQFQEYFL 

22€ 275 

Bovine GGL£DMAFWS TNIYHLT5YM LKNGTSNCNL PENPLTITCG GCQKNTflGSK 

Human GGLDDMAFWE TNXYHLTSFM LEKGT5DCSL FENPLFIACG GQQHHTQGSK 

SGL.CMAFW5 TNXYHLTS*K L.NGTS-C.L FENPLFI.CCS GCQH-T.GSX 

Bovina VQKNGFHKNV TAALTKNIGK HINYTKRGVF FSVDSWTODS LSFHYItSLER 
Human MQKITBFKRNL T5SLTENIDR NINYTERGVF FSVNSWTFDS KSFIYKALER 
+ QKN.FK*N. T**LT*WI-- -INYT , RGVF FSV > SWT* DS ,SF-YK-LER 

02* 375 

Eovina SIREKFIGSS Q*PLTJTVSSP AASYYU5FFY TRDGWAHTfiA DLNQDGYGDL 

Human UVRTMFIGGS QLSQKHISS? IASYFXSFPY ARLGWAMTSA DLNQDGYGDL 

. ,R*MFIG,S Q.*.,IKSSP . ASY - L&FPY . RLGWAMTSA DLNQDGYGDL 

Bovine WGAFGYSHP GRIHVGRVYL IYGNDLGLPR IDLDLDKEAH GXLEGFQPSG 
Hunan WGAPGYSRP GRIHXGHVYX, IYGNELGLPP VDLDLDKEAH GILEGFQPSG 
WGAPGYS*P GRXfT, GPVYli IYGK*L£LP. * DLDLDKEAH GILEGFQP5G 
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FIG TO (continued) 



426 475 

Bovine RFGSAVAVLD FKVDGVFDLA VGAFSVGSEX LTYTGAVYVY FG5XQGQLSS 

Human RFGSAUU*rJ} FKMDGVFDLA VGAPSVCSES LTYKGAVYVY FG5*QGRKSS 

RFG5A- A. L-D FH.DGVPDLA VGAPSVGSE- LTY.GAVYVY FSSKQG»*SS 

476 525 
Bovine 5PNVTISCQD TYCNLGWli AADVtfGDSEP DLVIGSPPAP GGGKQKGIVA 
Human SPNTTISCQD IYCNLGWTLL AADVNGDSEP DLVIGSPPAP GGGKQKGIVA 

SPtf.TTSCQD - YCNLGWTLL AADVNGDSEP DLVIGSPPAP GGGKQKGIVA 

526 575 

Bovina AFYSGSSYSS REKLMVEAAN WMVKGEEDPA WLGYSLHGVN VNKRTLLLAO 

Human APYSGPSX-S« KEKIMVEAAN WTVRCEEDFA WFGYSLHGVT VDMRTLLLVG 

AFYSG^S.S. , EKLNVEAAN tf*V-CE£OTA W-GYS1HGV, V,HRTLLL>G 

576 625 
EC-vine. SFTWKDTSSQ. GHLFRTSDEK Q5PGRVYGYF FFICqSWFTI SGDKAMGKLG 
Human SFTWXNASRL GRJLLHlRDEK XSLGRVYGYF PFXSQSWFTI VGDKAHGXLG 

SPTWX.-S-* G-L..-RDEK ♦ S - GRVYGYF PP . . QSWFTI - GDKAMGXLG 

626 675 

Bovine T5LSSGHVWV NGVRTQ V ULV GAPTQDWSK VSFLTMT1HQ GGSTRMYELT 

Human TSLSSGHVm NGTLTQVLLV GAPTRDDVSK MAFLTHTLHQ GGATRMY AI*T 

TSLSSGHV. . NG* ■ TQVLLV GAPT.D.VSK . . FLTOTLHQ GG + TRMY+ LT 

676 725 
Bovine FD3QFSLLST FSGNRRFSRF GGVXjHLSJDLD. NDGLDElIVA APLRSTOATA 
Human SDLQPFLLST FSGDRRFSRF GGVLHL5EL0 DDGVDEIIVA APLRXADVTS 

, D^QP.LLST FSG.KEFSRF GGVXKL9DLD , DG*DEIIVA APIitI *D. T . 

726 775 
Bovine GLMGEEDGRV YVFWGKQITV CDVTGKCKEW VTFCFBEKAQ • YVLI3PEAGS 
Human GLIGGEDGRV YVYNGKETTL GDMTGKCKSW HTPCPEEKAQ YVLISPEASS 

QL.G;EDGRV YV-NGK. - T . GD . TGKCK5W - TPCPEEKAQ YV LIS PEA. S 



776 B17 
BOVine RFGSSVITVR SKEKHQVIIA AGRSSLGARL SGVLHIYRLG QD* 
Human RFGSSLXTVR SKAKHQWIA AGRSSLGARL SGALffVYSLG SD* 

RPGSS*ITVR SK*KMQV*IA AGRSSLGARL 6G r Llf * Y„LG «D* 
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FIG 11 



The Nucleotide Sequence and Amino Acid Sequence a* th-S Humeri 
Pancreatic Glycosyl Phosphatidyl Inwital Specif Lc-Pha&phalLpase D, 



1 ©AC AG TB AACCCBA7CTSSTC ATCBBC7 CCCCTT7 
1 



91 Ala S<-r- ftrC- El y H i iLeuL euKi s I X a Ar * A-aoS i y y flafir L^3 i y Ar g Va 1 



721 EA&ACCAt 



to 



Asp £er £ I y.=rDft*pLeuV a 1 ] 1 »G1 ySc?- FraPm« *1 -^J* dG t y£l y E 1 y L y sG 1 nL y» 20 

tJ EEAA77E7G5w75v57T7TA7TC7GvCCCCAGCC7EAGCSACAAAEfi£AAftC7GAAC57S 120 

2i SI yli a'/al AlaAJ a/ h e7 >t e. c r 5 1 yfr cSerU °uSer 3 Ly^ El uLy;L b ufi □ n-;tL 40 

EAGGCA-5CCAAC7 EEACBB75AGAE SDSmGC AABAC7TC7CC7 GE777 E^ATnTTEtCCT? 3 SO 



121 - - 

4 1 Gi 2A1 iAl * AflftTrpThr-Vfll Arc-fil ySl uG 1 U Aap.F h 2?£er Tr-pFh eol yTy-B^rL-- A<J 

1B1 CACBB7BtCACTETEEACAfr:.AC^ACCTT^-TBTT&GTTI?5eABCCC3ACCT.53AA5PAT-- 240 

Hi =:=1 yVaj Thru a 1 AcpftanArgThr LeuLBuLcpuVai eiyfiB fFreYnr Ti-pi_y-rt»n Ev 

SCC AcC AG -CTB3BCDAT77 &7T AC AC AT CCQ^T^^^^hr.nA^ A5~CTT5E SA-SG" S 300 



a 00 



30 i T AT5BC7ADT7CCC ACC AA ACEBCC AAABCr CeTTT ACC AtTTCT 95 ABAC AAGGCAA7 G 3 AO 



7 y r 6 1 yTy r J* = Fr ofT sA?r,G 1 y B3 rtS-r 7r pr^i 9 T hr- 1 1 fi 5 er € I y As pL A i - r«.s= ^ 

EGGAAAC7SGGT»^TTC£CTTTCCAfl7GGTCArETACTEATGAATE55A£T GTEAAACAA 4-0 
Gl yUyaLeuBl yThr SfiTUau Be r Srrfil yMlsVal Lcu^etfi pr.Gl y • hr- L E ULy s 31 n 140 



lOi 
3il 

421 B7SCT5C7GG77REAGCCCCT^CQTACGA7SACBTQTCTA^GG7BBCA?TCCTB^CC:S7£ 

1 41 ValL»LsL*uValSl yAJ -a. c, r DThrTyr-AnpAspValSej-Lys^al Al ArtlflLBU > nrVal 160 

431 ACCCT AC AC« ABSCDBflBCC AC? CeCGTaTACGC ACTC A7 ATC73 ACGC3 WGCCTC7B 

1 & 1 ThrLeuRi 2-G X nG 1 y G 1 y Al AThrfir g Tyi* Al eL &U H a* e r P-sp A 1 a Bl rtrT OL B w 

3* 1 CTBC7CASCACCT7CABCBSA5ACCGCCQCTTC7CCCBflTT7SS7eOTB7TCreCACtT5 &00 

1B1 Lc^=u5er Tnr^ is-Sar- EI yfiaoAr QArgP^ eSerArePh^CTl yGlyVal LeuHi ^ug 

i>0 i ft G7©ACC7EEA7EA7 BATESC7 TAGATSAAnTC ATC ATGECASCwC -CCCYSo^BA7 ABCA 

EO 1 5er As A L«y A = P Ab p Ac p Bl y L DU A&p B i u 1 1 e I 1 emt A 1 aAl aFr^ en AH3 1 1 a Al a 



1 GO 



6& 1 G ATGT AACCTCT6E ACTS* TTGGGQB AB AfiGAC GBCC3ABTATA7 G7ATA7 AAT^uCAAA 7=0 
22" i A*pV*l ThrSnrEl yLfiuIl BG.XrEl yBl uAspfil yftrgV-l Tyr^l 7yr AsnBS yLy^i ^*L- 

fTGGTGACATE ACTG3CAAA7CCA AA7C ATGSA7 AfiCTCCAT B7CCAG^A 730 



1 si u7hr Thr\_H4j« y A spn«t7hr Bl yLysCy^L y iSer Tr P I S *TrWr oCy*Fro6 iu 2^0 



7B 1 GA AAABOCBCA A7ATB7 ATTS A7T7CTCCTB AAGCC ASC7CAAe»777GC5%s A£C7 CZQ . C 340 
2± 1 GtuUv^l *S1 nTyrVftlLeuil aSurFVoHIuAl iSfl--E*r Ar-g^1»BlyS«r Ser L w 



B41 A7CACC67GAGS7CCAAGECAAAflAACCAAS7Ce7CATTGC7&C7BBAAf3SAGTTCiT75 

ZS1 IL tf7hj-Val Ar 95ar^y-5Al aLy^AonSl nVal Val 1 1 cAlaAl^Gl yArgSiar-Gar L£-a ^OO 



90 I BO ABCCCBAC7CTCCBB5SC AC77CACB7CTATAGC C7TBOC7 CAS A7TB AASAT77CAC 
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® Glycosyl-Phosphatidylinositol-Specific Phospholipase D. 

CO 

< 

© The present invention relates to the protein glycosyl phospatidylinositol-specific phospholipase 

CO glycosyl phosphatidylinositol-specificphospholipase D. 
I*** D (GPI-PLD) in a substantially pure form, an poly- 
pe nucleotide coding for GPI-PLD, vectors containing 

the isolated polynucleotide coding for GPI-PLD, and 
^ cells transformed by a vector containing the poly- 
O nucleotide coding for GPI-PLD. Also described is a 

method for producing a protein which can be se- 
in creted from, a eukaryotic cell comprising co-transfec- 

ting a eukaryotic cell with a gene encoding a 

glycosyl phosphatidylinositol-anchored protein with 
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